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◆♦ ♠ês ❞❡ ♠❛✐♦ ❞♦ ❛♥♦ ❞❡ ✷✵✶✼✱ ♦ ❆❡r♦♣♦rt♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s ✕ ❍❡r❝í❧✐♦ ▲✉③
r❡❣✐str♦✉ ✉♠❛ q✉❛♥t✐❞❛❞❡ ❞❡ ✸✻✵✾ ♣♦✉s♦s ❡ ❞❡❝♦❧❛❣❡♥s✳ ❉❡st❡s✱ ✶✷✹✼ ❢♦r❛♠ ♣♦✉s♦s ❞❡ ✈♦♦s ❞❡
tr❛♥s♣♦rt❡ r❡❣✉❧❛r✱ ♣♦ré♠ s♦♠❡♥t❡ ✸✶ ❞❡ss❛ ♣♦rçã♦ sã♦ r❡❣✐str❛❞♦s ❝♦♠♦ ✈♦♦s ✐♥t❡r♥❛❝✐♦♥❛✐s✳
❙ã♦ ♥ú♠❡r♦s ❜❛✐①♦s ❛♦ ❝♦♥s✐❞❡r❛r ♦ ♣♦t❡♥❝✐❛❧ q✉❡ ❛ ❝✐❞❛❞❡ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s t❡♠ ♣❛r❛ ♦ t✉r✐s♠♦✳
❉❡s❞❡ ✷✵✶✸✱ ❛ ❝❛♣✐t❛❧ ❞♦ ❡st❛❞♦ ❞❡ ❙❛♥t❛ ❈❛t❛r✐♥❛ é ❝❧❛ss✐✜❝❛❞❛ ♣❡❧♦ ▼✐♥✐stér✐♦ ❞♦ ❚✉r✐s♠♦ ♥❛
❝❛t❡❣♦r✐❛ ❆ ❞❡ ♣♦t❡♥❝✐❛❧ t✉ríst✐❝♦✱ ❛ ♠❛✐s ❛❧t❛ ❝❧❛ss✐✜❝❛çã♦✳
◆♦ ♠ês ❞❡ ❥❛♥❡✐r♦ ❞❡ ✷✵✶✼✱ ♠❡s♠♦ ❡♠ ✉♠ ♣❡rí♦❞♦ ❡♠ q✉❡ ❤á ❣r❛♥❞❡ q✉❛♥t✐❞❛❞❡ ❞❡ t✉✲
r✐st❛s ❡♠ ❋❧♦r✐❛♥ó♣♦❧✐s✱ s♦♠❡♥t❡ ✶✶✹ ✈♦♦s ✐♥t❡r♥❛❝✐♦♥❛✐s ♣♦✉s❛r❛♠ ♥♦ ❛❡r♦♣♦rt♦ ✐♥t❡r♥❛❝✐♦♥❛❧
❧♦❝❛❧✐③❛❞♦ ♥♦ ❜❛✐rr♦ ❈❛r✐❛♥♦s✳
❆ ❝✐❞❛❞❡✱ ❛♦ ♠❡s♠♦ t❡♠♣♦✱ t❛♠❜é♠ ♥ã♦ q✉❡r ♠❛✐s s❡r ❝♦♥❤❡❝✐❛ ❛♣❡♥❛s ❝♦♠♦ ♦♣çã♦ ♣❛r❛ ♦
t✉r✐s♠♦ ❡✱ ♥♦ ♠♦♠❡♥t♦✱ ❞✐s♣✉t❛ ♣❛r❛ s❡ t♦r♥❛r r❡❢❡rê♥❝✐❛ ♥❛❝✐♦♥❛❧ ❡♠ t❡❝♥♦❧♦❣✐❛✳ ❋❧♦r✐❛♥ó♣♦❧✐s
♣♦ss✉✐ ❞♦✐s ♣❛rq✉❡s t❡❝♥♦❧ó❣✐❝♦s✱ ♦ ❆❧❢❛ ❡ ♦ ❙❛♣✐❡♥s P❛rq✉❡ ❡ ❝♦♥t❛ ❝♦♠ ♠❛✐s ❞❡ ✻✵✵ ❡♠♣r❡s❛s
❞❡ t❡❝♥♦❧♦❣✐❛✳
❆ ❞❡♠❛♥❞❛ ✐♥❞✐❝❛ q✉❡ ❛ ❝✐❞❛❞❡ ♣r❡❝✐s❛ ❞❡ ✉♠ ❛❡r♦♣♦rt♦ q✉❡ ❝♦♠♣♦rt❡ ♠❛✐s ❝❛♣❛❝✐❞❛❞❡ ❡✱
❞❡♣♦✐s ❞❡ ✉♠ ❧❡✐❧ã♦ ❞❡ ❝♦♥❝❡ssã♦ ♥♦ ❛♥♦ ❞❡ ✷✵✶✼✱ ♦ ❢✉t✉r♦ ❞♦ ❛❡r♦♣♦rt♦ ♣❛r❡❝❡ s❡r ♠❛✐s ❝❧❛r♦✳
❖❜r❛s ❥á t✐♥❤❛♠ s✐❞♦ ✐♥✐❝✐❛❞❛s ❡♠ ✷✵✶✷ ❝♦♠ ♦❜❥❡t✐✈♦ ❞❡ ❛♠♣❧✐❛çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ❛❡r♦✲
♣♦rt♦ ❡ t✐♥❤❛♠ ♣r❛③♦ ❞❡ ❝♦♥❝❧✉sã♦ ❡♠ ❛té ✷✼ ♠❡s❡s✳ ❊st❛s ✐♥❝❧✉í❛♠ ❛ t❡rr❛♣❧❡♥❛❣❡♠ ❞❡ t♦❞♦ ♦
❡♠♣r❡❡♥❞✐♠❡♥t♦✱ ❝♦♥str✉çã♦ ❞❡ ✉♠ ♥♦✈♦ t❡r♠✐♥❛❧ ❞❡ ♣❛ss❛❣❡✐r♦s✱ ♣át✐♦ ❞❡ ❡st❛❝✐♦♥❛♠❡♥t♦ ❞❡
❛❡r♦♥❛✈❡s✱ ✉♠❛ ♣✐st❛ ❞❡ tá①✐ ❡ ✉♠ ❡st❛❝✐♦♥❛♠❡♥t♦ ❞❡ ✈❡í❝✉❧♦s✳ ❖ ❛♥♦ é ✷✵✶✼ ❡ ♥❛❞❛ ❞♦ q✉❡
✐♥✐❝✐♦✉ ❡♠ ✷✵✶✷ ❛✐♥❞❛ ❢♦✐ ❝♦♥❝❧✉í❞♦✱ ♣♦ré♠ ❡st❡ ❛♥♦ ♦❝♦rr❡✉ ❛❧❣♦ q✉❡ ♣♦❞❡ ♠✉❞❛r ♦ r✉♠♦ ❞❡st❛
s✐t✉❛çã♦✳
❆ ♦♣❡r❛❞♦r❛ ❩✉r✐❝❤ ❆✐r♣♦rt ❆●✱ ❞❛ ❙✉íç❛✱ ❢♦✐ ❛ ✈❡♥❝❡❞♦r❛ ❞♦ ❧❡✐❧ã♦ ❞❡ ❝♦♥❝❡ssã♦ ❞♦ ❛❡r♦✲
♣♦rt♦ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s q✉❡ ❛❝♦♥t❡❝❡✉ ❡♠ ✶✻ ❞❡ ♠❛rç♦ ❞❡ ✷✵✶✼✳ P❡❧♦ ❞✐r❡✐t♦ ❞❡ ❛❞♠✐♥✐strá✲❧♦
♣❡❧♦s ♣ró①✐♠♦s ✸✵ ❛♥♦s✱ ♦ ✈❛❧♦r t♦t❛❧ ❛ s❡r ♣❛❣♦ ♣❛r❛ ♦ ❣♦✈❡r♥♦ ❞♦ ❇r❛s✐❧ é ❞❡ ❘✩ ✷✹✶ ♠✐❧❤õ❡s✳
❆ ❛ss✐♥❛t✉r❛ ❞♦ ❝♦♥tr❛t♦ ♦❝♦rr❡✉ ❡♠ ✷✽ ❞❡ ❥✉❧❤♦ ❞♦ ♠❡s♠♦ ❛♥♦✱ ❞❛t❛ q✉❡ ✜❝❛ ♠❛r❝❛❞❛ ❝♦♠♦
♦ ❞✐❛ q✉❡ ❛ ♦♣❡r❛❞♦r❛ ❛♣r♦♣r✐♦✉ ❞❡✜♥✐t✐✈❛♠❡♥t❡ ❛ ❡str✉t✉r❛ ❞♦ ❛❡r♦♣♦rt♦ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s✳
◆♦✈❛s ✐♥st❛❧❛çõ❡s s❡rã♦ ❝♦♥str✉í❞❛s ♣❡❧❛ ♦♣❡r❛❞♦r❛ ❝♦♠ ♦ ✐♥t✉✐t♦ ❞❡ ❛✉♠❡♥t❛r ❛ ❝❛♣❛❝✐❞❛❞❡
❞♦ ❛❡r♦♣♦rt♦✱ ♣r✐♥❝✐♣❛❧♠❡♥t❡ ❞♦ t❡r♠✐♥❛❧ ❞❡ ♣❛ss❛❣❡✐r♦s ❡ ❞♦ s✐st❡♠❛ ❞❡ ♣✐st❛s✳ ❙♦❜r❡ ❡st❡
ú❧t✐♠♦✱ ❤á ♠ét♦❞♦s ❞❡ ór❣ã♦s ❣♦✈❡r♥❛♠❡♥t❛✐s✱ ❝♦♠♦ ♦ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❈♦♥tr♦❧❡ ❞♦ ❊s♣❛ç♦
❆ér❡♦✱ q✉❡ ❝❛❧❝✉❧❛♠ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♦♣❡r❛çõ❡s ❡♠ ✉♠❛ ❤♦r❛ q✉❡ ✉♠❛ ♣✐st❛ ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦✲
❧❛❣❡♠ é ❝❛♣❛③ ❞❡ ♣r♦✈❡r ❛tr❛✈és ❞❡ ❡q✉❛çõ❡s q✉❡ ❝♦♥s✐❞❡r❛♠ ♦s t✐♣♦s ❞❡ ❛❡r♦♥❛✈❡s q✉❡ ♦♣❡r❛♠
♥♦ ❛❡r♦♣♦rt♦✱ ✐♥❢♦r♠❛çõ❡s ❣❡♦♠étr✐❝❛s ❞❡st❡ ❡ ♦ ✉s♦ ♦✉ ♥ã♦ ❞❡ ❡q✉✐♣❛♠❡♥t♦ r❛❞❛r✳
❈♦♠ ♦ ❡♠♣r❡❣♦ ❞❡ ✉♠ ♠ét♦❞♦ ❛❧t❡r♥❛t✐✈♦ ❛ ❡st❡s tr❛❞✐❝✐♦♥❛✐s ❞❡ ór❣ã♦s ❣♦✈❡r♥❛♠❡♥t❛✐s✱
q✉❡ ❧❡✈❛ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❞❡ ❞❛❞♦s ♠❡t❡♦r♦❧ó❣✐❝♦s ❛ t❛♠❜é♠ ♦ t❡♠♣♦ ❞❡ ♦❝✉♣❛çã♦ ❞❡ ♣✐st❛ ♣♦r
✶
❛❡r♦♥❛✈❡s✱ ❡st❡ tr❛❜❛❧❤♦ t❡♠ ❣r❛♥❞❡ ❢♦❝♦ ♥♦ ✉s♦ ❞♦ s♦❢t✇❛r❡ ❘❊❉■▼✱ q✉❡ ♣❡r♠✐t❡ ♦ ❝á❧❝✉❧♦
❞❡st❡ t❡♠♣♦ ❞❡ ♦❝✉♣❛çã♦ ❞❡ ♣✐st❛✳
✶✳✶ ❖❜❥❡t✐✈♦s
✶✳✶✳✶ ❖❜❥❡t✐✈♦ ❣❡r❛❧
❖ tr❛❜❛❧❤♦ t❡♠ ❝♦♠♦ ♦❜❥❡t✐✈♦ ❣❡r❛❧ ♦ ❞❡ q✉❛♥t✐✜❝❛r ♦ ✐♥❝r❡♠❡♥t♦ ♥♦ r❡s✉❧t❛❞♦ ❞❛ ❛✈❛❧✐❛çã♦ ❞❛
❝❛♣❛❝✐❞❛❞❡ ❞❡ ♦♣❡r❛çã♦ ❞❡ ❛❡r♦♥❛✈❡s ♥♦ ❆❡r♦♣♦rt♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s ♦❝❛s✐♦♥❛❞♦
♣❡❧♦ ❛✉♠❡♥t♦ ♥❛ s✉❛ ✐♥❢r❛✲❡str✉t✉r❛✱ ❝♦♠ ❜❛s❡ ❡♠ ♠ét♦❞♦s✱ ❞❛❞♦s ❞✐s♣♦♥í✈❡✐s ❡ ♦ ❡♠♣r❡❣♦ ❞❡
❢r❡❡✇❛r❡✱ ❝♦♠♦ ♦ ❘❊❉■▼✳
✶✳✶✳✷ ❖❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s
❖s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s sã♦✿
• ■❞❡♥t✐✜❝❛r ♠ét♦❞♦s ♣❛r❛ q✉❛♥t✐✜❝❛r ❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣✐st❛s ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠ ❡♠
❛❡ró❞r♦♠♦s❀
• ■❞❡♥t✐✜❝❛r ❢♦♥t❡s ❞❡ ❞❛❞♦s ❞✐s♣♦♥í✈❡✐s ♣❛r❛ s✉♣r✐r ♦s ♠ét♦❞♦s ❞❡ ❛♥á❧✐s❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡❀
• ❊♠♣r❡❣❛r ✉♠ ♠ét♦❞♦ ❛❧t❡r♥❛t✐✈♦✱ ❡♠ r❡❧❛çã♦ ❛q✉❡❧❡s ✉t✐❧✐③❛❞♦s ♣♦r ór❣ã♦s ❣♦✈❡r♥❛♠❡♥✲
t❛✐s✱ ♣❛r❛ ❛♥❛❧✐s❛r ❛ s✐t✉❛çã♦ ❛t✉❛❧ ❡ ❢✉t✉r❛ ❞♦ ❆❡r♦♣♦rt♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s✳
• ❈♦♠♣❛r❛çã♦ ❞♦s r❡s✉❧t❛❞♦s ❝♦♠ ❛ s✐t✉❛çã♦ ❛t✉❛❧✳
✶✳✶✳✸ ❊str✉t✉r❛
❊st❡ tr❛❜❛❧❤♦ ❡stá ♦r❣❛♥✐③❛❞♦ ❞❛ s❡❣✉✐♥t❡ ❢♦r♠❛✿
◆♦ ❝❛♣ít✉❧♦ ✶ sã♦ ❛♣r❡s❡♥t❛❞♦s ♦ t❡♠❛ ❛❜♦r❞❛❞♦✱ ♦s ♦❜❥❡t✐✈♦s ❛ s❡r❡♠ ❛t✐♥❣✐❞♦s ❡ ❛ ❡str✉t✉r❛
❞♦ tr❛❜❛❧❤♦✳
◆♦ ❝❛♣ít✉❧♦ ✷ é ❢❡✐t❛ ✉♠❛ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛✱ ♦♥❞❡ ♣r✐♠❡✐r♦ é ❞❡✜♥✐❞♦ ♦ q✉❡ é ❛✈✐❛çã♦✱ ♣❛r❛
q✉❡ ❞❡ ✉♠ ❛s♣❡❝t♦ ❣❡r❛❧ ❛ ✉♠ ♣❛rt✐❝✉❧❛r✱ ♣♦ss❛ s❡r ❞❡✜♥✐❞♦ ♦ q✉❡ é ❝❛♣❛❝✐❞❛❞❡ ❡ ♦s ♠ét♦❞♦s
❞❡ ❝❛❧❝✉❧á✲❧❛✱ ❝♦♠ ❢♦❝♦ ♥❛ ♠❡t♦❧♦❣✐❛ q✉❡ s❡rá ❛♣❧✐❝❛❞❛ ♥♦ tr❛❜❛❧❤♦ ❡ ♥♦ s♦❢t✇❛r❡ q✉❡ ❝❛❧❝✉❧❛ ♦
t❡♠♣♦ ❞❡ ♦❝✉♣❛çã♦ ❞❡ ♣✐st❛ ♣♦r ❛❡r♦♥❛✈❡s✳
◆♦ ❝❛♣ít✉❧♦ ✸ é ❛♣r❡s❡♥t❛❞❛ ❛ ár❡❛ ❞❡ ❡st✉❞♦✱ ♦ ❛❡r♦♣♦rt♦ ✐♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s✱
❝♦♠ ♠❛✐s ❞❡t❛❧❤❡s✱ t❛♥t♦ ❞❡ s✉❛ ❡str✉t✉r❛ ❛t✉❛❧ q✉❛♥t♦ ❞❛ ❢✉t✉r❛ ❝♦♠ ❛s ♥♦✈❛s ✐♥st❛❧❛çõ❡s✳
◆♦ ❝❛♣ít✉❧♦ ✹✱ ❛ ♠❡t♦❧♦❣✐❛ ❡s❝♦❧❤✐❞❛ é ❛♣❧✐❝❛❞❛✳ ➱ ❞❡♠♦♥str❛❞♦ ❝♦♠♦ ♦s ❞❛❞♦s ❢♦r❛♠
r❡❝♦❧❤✐❞♦s ❡ ❝♦♠♦ ❢♦r❛♠ tr❛❜❛❧❤❛❞♦s ♣❛r❛ q✉❡ ♣✉❞❡ss❡♠ r❡s✉❧t❛r ♥❛ ❝❛♣❛❝✐❞❛❞❡ t❡ór✐❝❛ ♠á①✐♠❛✳
❖ ❝❛♣ít✉❧♦ ✺ ✜❝❛ r❡s❡r✈❛❞♦ ❛s ❝♦♥❝❧✉sõ❡s ❡ s✉❣❡stõ❡s ❞❡ tr❛❜❛❧❤♦s ❢✉t✉r♦s✳
✷
✷ ❘❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛
■♥❢♦r♠❛çõ❡s ♥❡❝❡ssár✐❛s ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❤♦rár✐❛ ❞❡ ✉♠❛ ♣✐st❛ ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠
s❡rã♦ ❛❜♦r❞❛❞❛s ♥❡st❡ ❝❛♣ít✉❧♦✳ ❊st❡ ❝❛♣ít✉❧♦ t❡♠ í♥✐❝✐♦ ❡♠ ✉♠ ❛s♣❡❝t♦ ❣❡r❛❧ ❛té q✉❡ ❝❤❡❣✉❡ ❡♠
✉♠ ♣❛rt✐❝✉❧❛r✱ ❝♦♠♦ ♦ ❝❛s♦ ❞❛ ❝á❧❝✉❧♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡✳ ❆ r❡✈✐sã♦ ❜✐❜❧✐♦❣rá✜❝❛ ❝♦♥t❛✱ ❝♦♠ ✉♠❛
❜r❡✈❡ ❤✐stór✐❛ ❞❛ ❛✈✐❛çã♦✱ ❡①♣❧✐❝❛ ♦ ❡s♣❛ç♦ ❛ér❡♦ ❡✱ ❡♥tã♦✱ ❛♣r❡s❡♥t❛ ♦ ❝♦♥❝❡✐t♦ ❞❡ ❝❛♣❛❝✐❞❛❞❡✱
❝♦♠ ♠ét♦❞♦s q✉❡ ♣♦ss✐❜✐❧✐t❛♠ ♦ ❝á❧❝✉❧♦ ❞❡st❛ ❛♦ ✉t✐❧✐③❛r❡♠ ✐♥❢♦r♠❛çõ❡s ❞♦ s✐st❡♠❛s ❞❡ ♣✐st❛s
❡ ❝❛r❛❝t❡ríst✐❝❛s ❞♦ ❛❡r♦♣♦rt♦ ❡ ✐♥str✉çõ❡s ❞❡ ór❣ã♦s ❣♦✈❡r♥❛♠❡♥t❛✐s✳
✷✳✶ ❆✈✐❛çã♦
❆ ❛✈✐❛çã♦✱ ♣❛❧❛✈r❛ ❝✉♥❤❛❞❛ ❛ ♣❛rt✐r ❞❛ ✉♥✐ã♦ ❞♦ ❧❛t✐♠ ❛✈✐s ✭✧❛✈❡✧✮ ❝♦♠ ♦ s✉✜①♦ ✲❛t✐♦♥ ♣❛r❛ ❛
❛t✐✈✐❞❛❞❡ q✉❡ t❡♠ ♦❜❥❡t✐✈♦ ♦ ❡st✉❞♦✱ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❡ ❡①♣❧♦r❛çã♦ ❞♦s ❛❡ró❞✐♥♦s ✭❞❡♥♦♠✐♥❛çã♦
❣❡♥ér✐❝❛ ♣❛r❛ ♠áq✉✐♥❛s ♠❛✐s ♣❡s❛❞❛s q✉❡ ♦ ❛r✮✱ é ✉♠ ❞♦s r❛♠♦s ❞❛ ❛❡r♦♥á✉t✐❝❛✱ q✉❡ ♣♦r s✐✱ é
❛ ❛t✐✈✐❞❛❞❡ ❡ ♦ ❡st✉❞♦ ❞♦ tr❛♥s♣♦rt❡ ❛ér❡♦ ❞❡♥tr♦ ❞❛ ❛t♠♦s❢❡r❛ t❡rr❡str❡✳
▼áq✉✐♥❛ ♠❛✐s ♣❡s❛❞❛ q✉❡ ♦ ❛r✱ ❝❛♣❛③ ❞❡ ❛❧ç❛r ✈♦♦ ♣♦r ♠❡✐♦s ♣ró♣r✐♦s✱ ❛ ❛❡r♦♥❛✈❡ t❡♠ ♦r✐❣❡♠
♣♦❧ê♠✐❝❛ q✉❛♥t♦ ❛♦ ✈❡r❞❛❞❡✐r♦ ✐♥✈❡♥t♦r✱ ♣♦ré♠✱ s❡❣✉♥❞♦ ❇❆❘❘❖❙ ✭✷✵✵✻✮ ❢♦✐ ❆❧❜❡rt♦ ❙❛♥t♦s
❉✉♠♦♥t✱ ❜r❛s✐❧❡✐r♦ ♥❛s❝✐❞♦ ♥❛ ❝✐❞❛❞❡ q✉❡ ❤♦❥❡ ❧❡✈❛ s❡✉ ♥♦♠❡✱ ♥♦ ❡st❛❞♦ ❞❡ ▼✐♥❛s ●❡r❛✐s✱ ♦
♣r✐♠❡✐r♦ ❛ t❡r r❡❣✐str❛❞♦ ♦ ❢❡✐t♦ ❞❡ t❡r r❡❛❧✐③❛❞♦ ✉♠ ✈♦♦ ❡♠ ✉♠ ❛♣❛r❡❧❤♦ s❡♠ ♥❡♥❤✉♠ ❛✉①í❧✐♦
❡①t❡r♥♦✱ ♥♦ ❛♥♦ ❞❡ ✶✾✵✻✳
❈♦♥❢♦r♠❡ ❝♦♥st❛ ❡♠ ❑❆❩❉❆❀ ❈❆❱❊❙ ✭✷✵✵✼✮✱ ✧♥♦ ✐♥í❝✐♦ ❞❛ ❛✈✐❛çã♦✱ ♦ ❛✈✐❛❞♦r ♣r✐♠❡✐r♦
❝♦♥str✉✐✉ ✉♠❛ ❛❡r♦♥❛✈❡ ❡ ❡♥tã♦ ❝♦♠❡ç♦✉ ❛ ❜✉s❝❛r ✉♠ ❛❞❡q✉❛❞♦ ❝❛♠♣♦ ❞❡ ♣♦✉s♦✧✳ ❊r❛ ♦
❝♦♠❡ç♦ ❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ ❞♦s ❛❡r♦♣♦rt♦s ❡ s❡❣✉♥❞♦ ❑❆❩❉❆❀ ❈❆❱❊❙ ✭✷✵✵✼✮ ✧♦s ♣❛râ♠❡tr♦s
❞♦ ❛❡ró❞r♦♠♦ t✐♥❤❛♠ q✉❡ s❡r s❡❧❡❝✐♦♥❛❞♦s ❝♦♠ ❜❛s❡ ♥❛ ♣❡r❢♦♠❛♥❝❡ ❡ ❝❛r❛❝t❡ríst✐❝❛s ❣❡♦♠étr✐❝❛s
❞❛s ❛❡r♦♥❛✈❡s✧✳
❆ ♣❛rt✐r ❞❡ ❡♥tã♦✱ ♦s ❛❡r♦♣♦rt♦s ❡ ❛❡r♦♥❛✈❡s tê♠ ❣r❛♥❞❡ ❡ ❝♦♥tí♥✉❛ ❡✈♦❧✉çã♦ ❡ q✉❡ ♣❡r♠✐t❡✱
❛t✉❛❧♠❡♥t❡✱ ♦ tr❛♥s♣♦rt❡ ❞❡ ♠✐❧❤õ❡s ❞❡ ♣❡ss♦❛s ❡ ❝❛r❣❛s ❛♦ r❡❞♦r ❞♦ ♠✉♥❞♦✳ ❙❡❣✉♥❞♦ ❆❙❍✲
❋❖❘❉❀ ▼❯▼❆❨■❩❀ ❲❘■●❍❚ ✭✷✵✶✶✮✱ ❛ ❛✈✐çã♦ ❝✐✈✐❧ tr❛♥s♣♦rt♦✉ ❛♣r♦①✐♠❛❞❛♠❡♥t❡ ✸ ❜✐❧❤õ❡s
❞❡ ♣❛ss❛❣❡✐r♦s ❡♠ ✷✵✶✵✳
❈♦♥❢♦r♠❡ ❝♦♥st❛ ❡♠ ❍❖❘❖◆❏❊❋❋ ❡t✳ ❛❧✳ ✭✷✵✶✵✮✱ ❛ ❛✈✐❛çã♦ ❝✐✈✐❧ é t✐♣✐❝❛♠❡♥t❡ ❝♦♥s✐❞❡r❛❞❛
❡♠ três s❡t♦r❡s✱ ❛✈✐❛çã♦ ❞❡ s❡r✈✐ç♦ ❝♦♠❡r❝✐❛❧ ✭✈♦♦s r❡❣✉❧❛r❡s ❞❛s ❝♦♠♣❛♥❤✐❛s ❛ér❡❛s✮✱ tr❛♥s♣♦rt❡
❞❡ ❝❛r❣❛ ❡ ❛✈✐❛çã♦ ❣❡r❛❧✳ ❊st❛ ú❧t✐♠❛ é r❡s❡r✈❛❞❛ ❛ ❛✈✐õ❡s ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡✱ ♦✉ s❡❥❛✱ ✧♦♣❡r❛çõ❡s
❞❡ ❛✈✐ã♦ ❣❡r❛❧ ♥ã♦ tr❛♥s♣♦rt❛♠ ♣❛ss❛❣❡✐r♦s ✬❝♦♠❡r❝✐❛✐s✬✧✭❍❖❘❖◆❏❊❋❋ ❡t✳ ❛❧✳✱ ✷✵✶✵✮✳
❆✉t♦r✐❞❛❞❡ ❞❛ ❛✈✐❛çã♦ ❝✐✈✐❧ ♥♦ ❇r❛s✐❧✱ ❛ ❆❣ê♥❝✐❛ ◆❛❝✐♦♥❛❧ ❞❡ ❆✈✐❛çã♦ ❈✐✈✐❧ ✭❆◆❆❈✮ é ✉♠❛
❛❣ê♥❝✐❛ r❡❣✉❧❛❞♦r❛ ❢❡❞❡r❛❧✱ ❝r✐❛❞❛ ♣❛r❛ r❡❣✉❧❛r ❡ ✜s❝❛❧✐③❛r ❛s ❛t✐✈✐❞❛❞❡s ❞❛ ❛✈✐❛çã♦ ❝✐✈✐❧ ♥♦ q✉❡
s❡ ❞✐③ r❡s♣❡✐t♦ ❛ ❛s♣❡❝t♦s ❡❝♦♥ô♠✐❝♦s ❡ à s❡❣✉r❛♥ç❛ té❝♥✐❝❛ ❞♦ s❡t♦r✳
✸
✷✳✷ ❊s♣❛ç♦ ❛ér❡♦
❊♠ ❈❤✐❝❛❣♦✱ ♥♦s ❊st❛❞♦s ❯♥✐❞♦s ❞❛ ❆♠ér✐❝❛✱ ❛❝♦♥t❡❝❡✉ ❡♠ ✼ ❞❡ ❞❡③❡♠❜r♦ ❞❡ ✶✾✹✹ ♦ q✉❡ ✜❝♦✉
❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❛ ❈♦♥✈❡♥çã♦ ❞❡ ❈❤✐❝❛❣♦✳ ➚ é♣♦❝❛✱ ♦ tr❛♥s♣♦rt❡ ❛ér❡♦✱ q✉❡ ❥á ❧❡✈❛✈❛ ♣❛ss❛❣❡✐r♦s
❡ ❝❛r❣❛ ♣♦r t♦❞♦ ♦ ♠✉♥❞♦✱ t✐♥❤❛ ♥❡❝❡ss✐❞❛❞❡ ❞❡ r❡❣r❛s ❣❡r❛✐s q✉❡ ♣r♦♣♦r❝✐♦♥❛ss❡♠ ❛♦s ✉s✉ár✐♦s
s❡❣✉r❛♥ç❛✱ r❡❣✉❧❛r✐❞❛❞❡ ❡ ❡✜❝✐ê♥❝✐❛✳ ❈♦♥❢♦r♠❡ ❝♦♥st❛ ❡♠ ❍❖❘❖◆❏❊❋❋ ❡t✳ ❛❧✳ ✭✷✵✶✵✮✱ ❢♦✐ ♥❡ss❛
❝♦♥✈❡♥çã♦ ❞❡ ✺✷ ♥❛çõ❡s ♦♥❞❡ ♥❛s❝❡✉ ♦ ❝♦♥❝❡✐t♦ ❞❛ ❖r❣❛♥✐③❛çã♦ ❞❡ ❆✈✐❛çã♦ ❈✐✈✐❧ ■♥t❡r♥❛❝✐♦♥❛❧
✭■❈❆❖✱ ❞♦ ✐♥❣❧ês ■♥t❡r♥❛t✐♦♥❛❧ ❈✐✈✐❧ ❆✈✐❛t✐♦♥ ❖r❣❛♥✐③❛t✐♦♥✮✱ ❛❣ê♥❝✐❛ ❡s♣❡❝✐❛❧✐③❛❞❛ r❡s♣♦♥sá✈❡❧
♣❡❧❛ ♣r♦♠♦çã♦ ❞♦ ❞❡s❡♥✈♦❧✈✐♠❡♥t♦ s❡❣✉r♦ ❡ ♦r❣❛♥✐③❛❞♦ ❞❛ ❛✈✐❛çã♦ ❝✐✈✐❧ ♠✉♥❞✐❛❧✳
❙❡❣✉♥❞♦ ❆❙❍❋❖❘❉❀ ▼❯▼❆❨■❩❀ ❲❘■●❍❚ ✭✷✵✶✶✮✱ ❛ ❈♦♥✈❡♥çã♦ ❞❡ ❈❤✐❝❛❣♦ ❡st❛❜❡❧❡❝❡✉
❛rt✐❣♦s q✉❡ ❞❡t❡r♠✐♥❛✈❛♠ r❡❣r❛s ❡ ❞❡✜♥✐çõ❡s ❛❝❡r❝❛ ❞♦ tr❛♥s♣♦rt❡ ❛ér❡♦ ✐♥t❡r♥❛❝✐♦♥❛❧✳ ❊♥tr❡
❡ss❛s ❞❡t❡r♠✐♥❛çõ❡s✱ ❡st❛✈❛ ❛ r❡❧❛❝✐♦♥❛❞❛ ❛♦s ❡s♣❛ç♦s ❛ér❡♦s✳
✷✳✷✳✶ ❊s♣❛ç♦ ❛ér❡♦ ❜r❛s✐❧❡✐r♦
❆❝♦r❞❛❞♦ ❡♠ tr❛t❛❞♦s ✐♥t❡r♥❛❝✐♦♥❛✐s✱ ♦ ❡s♣❛ç♦ ❛ér❡♦ ❜r❛s✐❧❡✐r♦ s✉♣❡r♣õ❡ ♦ t❡rr✐tór✐♦ ❞♦ ♣❛ís ❡
❡st❡♥❞❡✲s❡ ❛té ♦ ♠❡r✐❞✐❛♥♦ ✶✵❲✱ ♦ q✉❡ ❢❛③ ❛❜r❛♥❣❡r ✉♠❛ ❜♦❛ ♣❛rt❡ ❞♦ ❖❝❡❛♥♦ ❆t❧â♥t✐❝♦✱ ❝♦♠♦
é ♣♦ssí✈❡❧ ♥♦t❛r ♥❛ ❋✐❣✉r❛ ✶✳ P♦r s❡ tr❛t❛r ❞❡ ❛❧❣♦ ❞❡ t❛♠❛♥❤❛ ♣r♦♣♦rçã♦✱ ♦ ❝♦♥tr♦❧❡ ❞♦ ❡s♣❛ç♦
❛ér❡♦ é ❝♦♥✜❛❞♦ à ✉♠❛ ❞❛s ❋♦rç❛s ❆r♠❛❞❛s ❞♦ ❇r❛s✐❧✳ ❖ ❈♦♠❛♥❞♦ ❞❛ ❆❡r♦♥á✉t✐❝❛ t❡♠ ♦
❈♦♠❛♥❞♦ ❞❛ ❆❡r♦♥á✉t✐❝❛ t❡♠ ♦ ❉❡♣❛rt❛♠❡♥t♦ ❞❡ ❈♦♥tr♦❧❡ ❞♦ ❊s♣❛ç♦ ❆ér❡♦ ✭❉❊❈❊❆✮ ❝♦♠♦
♦ ❡♥❝❛rr❡❣❛❞♦ ♣♦r ❡ss❛ ❢✉♥çã♦✳
❙❡❣✉♥❞♦ ❛ ♣á❣✐♥❛ ♥❛ ✐♥t❡r♥❡t ❞♦ ❉❊❈❊❆ ✭❁❤tt♣✿✴✴✇✇✇✳❞❡❝❡❛✳❣♦✈✳❜r✴❄✐❂q✉❡♠✲
s♦♠♦s✫♣❂❡s♣❛❝♦✲❛❡r❡♦✲❜r❛s✐❧❡✐r♦❃✮✱ ♦ ❡s♣❛ç♦ ❛ér❡♦ ❜r❛s✐❧❡✐r♦ ❝❤❡❣❛ ❛ ✉♠❛ ár❡❛ ❞❡ ✷✷ ♠✐❧❤õ❡s
❞❡ ❦♠✷✳
❈♦♥❢♦r♠❡ ❝♦♥st❛ ❡♠ ❉❊❈❊❆ ✭✷✵✶✼❜✮✱ ❞❡ ♠♦❞♦ ❛ ❝♦♥tr♦❧❛r ❞❡ ♠❛♥❡✐r❛ ❡✜❝❛③ ♦ ✢✉①♦ ❞❡
trá❢❡❣♦ ❛ér❡♦ ♥♦ ♣❛ís✱ ♦ ❉❊❈❊❆ t❡♠ ❝♦♠♦ s✉❜♦r❞✐♥❛❞❛s q✉❛tr♦ ❜❛s❡s ♦♣❡r❛❝✐♦♥❛✐s ❞❡♥♦♠✐♥❛✲
❞♦s ❈❡♥tr♦s ■♥t❡❣r❛❞♦s ❞❡ ❉❡❢❡s❛ ❆ér❡❛ ❡ ❈♦♥tr♦❧❡ ❞❡ ❚rá❢❡❣♦ ❆ér❡♦ ✭❈■◆❉❆❈❚❆✮✳ ❆s ❜❛s❡s
♦♣❡r❛♠ s♦❜r❡ s✉❜❞✐✈✐sõ❡s ❞♦ ❡s♣❛ç♦ ❛ér❡♦✱ ❝❤❛♠❛❞❛s ❞❡ r❡❣✐õ❡s ❞❡ ✐♥❢♦r♠❛çã♦ ❞❡ ✈♦♦✱ q✉❡ ✈❡♠
❞♦ ✐♥❣❧ês ❋❧✐❣❤t ■♥❢♦r♠❛t✐♦♥ ❘❡❣✐♦♥ ✭❋■❘✮✳
❆ ár❡❛ ❡♠ r♦①♦ ♥❛ ❋✐❣✉r❛ ✶✱ q✉❡ t❡♠ ❝♦♠♦ r❡s♣♦♥sá✈❡❧ ♦ ❈■◆❉❆❈❚❆ ■✱ ❡♠ ❇r❛sí❧✐❛ ✕ ❉❋✱
❛❜r❛♥❣❡ ❛ r❡❣✐ã♦ ❝❡♥tr❛❧ ❞♦ ❇r❛s✐❧✳ ❖ ❈■◆❉❆❈❚❆ ■■✱ ❡♠ ❈✉r✐t✐❜❛ ✕ P❘✱ é ❡♥❝❛rr❡❣❛❞♦ ♣❡❧❛ ❋■❘
q✉❡ ❡♥❣❧♦❜❛ ♦ s✉❧ ❡ ✉♠❛ ♣❛rt❡ ❞♦ ❝❡♥tr♦✲s✉❧ ❞♦ ♣❛ís ❡ ❞♦ ♦❝❡❛♥♦ ❛t❧â♥t✐❝♦✱ ❡♠ ❛♠❛r❡❧♦✳ ❆ ❋■❘
❡♠ ✈❡r♠❡❧❤♦✱ q✉❡ ❝♦♥té♠ ♦ ♥♦r❞❡st❡ ❡ ✉♠❛ ♣❛rt❡ ❞♦ ♦❝❡❛♥♦ ❛t❧â♥t✐❝♦✱ t❡♠ ❝♦♠♦ r❡s♣♦♥sá✈❡❧ ♦
❈■◆❉❆❈❚❆ ■■■✱ ❡♠ ❘❡❝✐❢❡ ✕ P❊✳ P♦r ✜♠✱ ❛ ❈■◆❉❆❈❚❆ ■❱✱ ❡♠ ▼❛♥❛✉s ✕ ❆▼✱ é ❡♥❝❛rr❡❣❛❞❛
♣❡❧❛ ár❡❛ q✉❡ s❡ ❡st❡♥❞❡ s♦❜r❡ ❛ r❡❣✐ã♦ ❛♠❛③ô♥✐❝❛ ❡ ♦ ♦❝❡❛♥♦ ❛t❧â♥t✐❝♦✳
✹
❋✐❣✉r❛ ✶✿ ❊s♣❛ç♦ ❛ér❡♦ ❜r❛s✐❧❡✐r♦✳
❋♦♥t❡✿ ❁❤tt♣✿✴✴✇✇✇✳❞❡❝❡❛✳❣♦✈✳❜r✴❄✐❂q✉❡♠✲s♦♠♦s✫♣❂❡s♣❛❝♦✲❛❡r❡♦✲❜r❛s✐❧❡✐r♦❃
✺

❞❡ ❞❡t❡r✐♦r❛çã♦ ❞❛ ♣❡r❢♦r♠❛♥❝❡ ❞♦ ❛❡r♦♣♦rt♦ ❡ r❡✢❡t❡ ❡♠ q✉❛❧ ❛çã♦ t♦♠❛r ♣❛r❛ s❡ ❛✉♠❡♥t❛r ❛
❝❛♣❛❝✐❞❛❞❡ ❞♦ ❛❡r♦♣♦rt♦✱ ❡ss❛ ❞❡t❡r♠✐♥❛çã♦ t❛♠❜é♠ ✐♠♣❛❝t❛ ♥❛ ❥✉st✐✜❝❛t✐✈❛ ❡❝♦♥ô♠✐❝❛ ♣❛r❛
❛s ♠❡❧❤♦r✐❛s ♥♦ ♠❡s♠♦ ♣❛r❛ ❛❧❝❛♥ç❛r t❛❧ ♦❜❥❡t✐✈♦✳
❆t✉❛❧♠❡♥t❡✱ ♥♦ ❆❡r♦♣♦rt♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s✱ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ♠❡s♠♦ ❡♠ ❝♦♥✲
s❡❣✉✐r ♣r♦❝❡ss❛r ♦s ♣❛ss❛❣❡✐r♦s ❡♥tr❡ ❛s ♦♣❡r❛çõ❡s é ♦ q✉❡ ♠❛✐s s❡ ❞❡st❛❝❛ ❛♦s ♦❧❤♦s ❡♠ ✈✐s✐t❛
❛♦ ❧♦❝❛❧✳
❈♦♠♦ ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✸✱ ❡♠ ✈✐s✐t❛ ❛♦ ❛❡r♦♣♦r♦t♦ ♥♦ ❞✐❛ ✶✹ ❞❡ ♦✉t✉❜r♦ ❞❡ ✷✵✶✼✱ é ♣♦ssí✈❡❧
♣❡r❝❡❜❡r ♣❡ss♦❛s s❡♥t❛❞❛s✱ ♦✉ ❛té ♠❡s♠♦ ❞❡✐t❛❞❛s✱ ♥❛s ❡s❝❛❞❛s ❞♦ t❡r♠✐♥❛❧ ❞❡ ♣❛ss❛❣❡✐r♦s ✭❞♦✲
r❛✈❛♥t❡ ❞❡♥♦♠✐♥❛❞♦ ❚P❙ ♥❡st❡ tr❛❜❛❧❤♦✮✳ ❯♠❛ ✈❡③ q✉❡ ❛ ❞❡♠❛♥❞❛ ❡r❛ ♠❛✐♦r q✉❡ ❛ ❝❛♣❛❝✐❞❛❞❡
♥♦ ❚P❙✱ ♥ã♦ ❤❛✈✐❛ ❝❛❞❡✐r❛s s✉✜❝✐❡♥t❡s ♣❛r❛ t♦❞♦s ♦s ♣❛ss❛❣❡✐r♦s q✉❡ ❡s♣❡r❛✈❛♠ ♣❛r❛ ❡♠❜❛r❝❛r✱
♦✉ ❢❛③❡r ♦ ❝❤❡❝❦✲✐♥✱ ♣♦r ❡①❡♠♣❧♦✳
❋✐❣✉r❛ ✸✿ P❡ss♦❛s s❡♠ ❧♦❝❛❧ ♣❛r❛ s❡♥t❛r ♥♦ t❡r♠✐♥❛❧ ❞♦ ❛❡r♦♣♦rt♦ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s✳
❋♦♥t❡✿ ❱✐s✐t❛ ❞❡ ❝❛♠♣♦
■♠♣♦rt❛♥t❡ ♥♦t❛r q✉❡ ✉♠ ❛✉♠❡♥t♦ ♥❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✉♠ ❛❡r♦♣♦rt♦✱ ❝♦♠♦ ♦ q✉❡ ✐rá ❛❝♦♥t❡❝❡r
❝♦♠ ♦ ❍❡r❝í❧✐♦ ▲✉③ ♥♦ ❢✉t✉r♦✱ ❝♦♥❥✉❣❛❞♦ ❛ t❛♠❜é♠ ✉♠ ❛✉♠❡♥t♦ ❣r❛♥❞❡ ❞❡ ❞❡♠❛♥❞❛ ❝♦♠ ❛
❛♠♣❧✐❛çã♦ ❞♦ ❛❡r♦♣♦rt♦ ♣♦❞❡ ❛❝❛❜❛r ♣♦r r❡s✉❧t❛r ❡♠ ❛tr❛s♦ ❞❛s ❛❡r♦♥❛✈❡s✳
P♦rt❛♥t♦✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❆❙❍❋❖❘❉❀ ▼❯▼❆❨■❩❀ ❲❘■●❍❚ ✭✷✵✶✶✮✱ ❞❛❞❛ ❛ ❝♦♠♣❧❡①✐❞❛❞❡
❞❡ss❡ ❛ss✉♥t♦✱ ♣r♦❥❡t✐st❛s ❞❡ ❛❡r♦♣♦rt♦s ❞❡✈❡♠ ❡①❡r❝❡r ♣r❡❝❛✉çã♦ ♥♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ✐♥st❛❧❛✲
çõ❡s ❛❡r♦♣♦rt✉ár✐❛s ❡♠ s✐t✉❛çõ❡s ♦♥❞❡ ❛ ❞❡♠❛♥❞❛ s❡ ❛♣r♦①✐♠❛r✐❛ à ❝❛♣❛❝✐❞❛❞❡ ♣♦r ♣❡rí♦❞♦s
✼
❝♦♥s✐❞❡rá✈❡✐s ❞❡ t❡♠♣♦✳
❖ tr❛❜❛❧❤♦ ❢♦❝❛ ♥❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ s✐st❡♠❛ ❞❡ ♣✐st❛s ♣♦r ❤♦r❛✱ ♦✉ s❡❥❛✱ ❛ q✉❛♥t✐❞❛❞❡ ❞❡
♠♦✈✐♠❡♥t♦s ✭♣♦✉s♦s ❡ ❞❡❝♦❧❛❣❡♠✮ ♣♦ssí✈❡✐s ♥✉♠ ✐♥t❡r✈❛❧♦ ❞❡ s❡ss❡♥t❛ ♠✐♥✉t♦s✳
✷✳✸✳✶ ▼ét♦❞♦ ❞❛ ❋❆❆
❆ ❋❡❞❡r❛❧ ❆✈✐❛t✐♦♥ ❆❞♠✐♥✐str❛t✐♦♥ ✭❋❆❆✮✱ ❞♦s ❊st❛❞♦s ❯♥✐❞♦s ❞❛ ❆♠ér✐❝❛✱ é ✉♠❛ ❡♥t✐❞❛❞❡
❣♦✈❡r♥❛♠❡♥t❛❧ ❝♦♠ ♣♦❞❡r ❞❡ r❡❣✉❧❛r t♦❞♦s ♦s ❛s♣❡❝t♦s ❞❛ ❛✈✐❛çã♦ ❝✐✈✐❧ ♥♦ s❡✉ ♣❛ís ❞❡ ♦r✐❣❡♠ ❡
é ❛tr❛✈és ❞❛ ❆❞✈✐s♦r② ❈✐r❝✉❧❛r ✶✺✵✴✺✵✻✵✲✺✱ ❞❡ ✶✾✽✸✱ q✉❡ ❛ ❋❆❆ tr❛③ s❡✉ ♠ét♦❞♦ ♣❛r❛ ♦ ❝á❧❝✉❧♦
❞❛ ❝❛♣❛❝✐❞❛❞❡ ❤♦rár✐❛ ❞♦ s✐st❡♠❛ ❞❡ ♣✐st❛s✱ ❞♦ ✈♦❧✉♠❡ ❞❡ s❡r✈✐ç♦ ❛♥✉❛❧ ❡ ❞❡ ❛tr❛s♦s✳
◆♦s s❡✉s ❝✐♥❝♦ ❝❛♣ít✉❧♦s✱ ❛ ❝✐r❝✉❧❛r tr❛③ ✐♥❢♦r♠❛çõ❡s s♦❜r❡ ❞❡✜♥✐çõ❡s ❡ t❡r♠♦s ❛ss♦❝✐❛❞♦s à
❝❛♣❛❝✐❞❛❞❡✱ ❛ ♠♦❞❡❧❛❣❡♠ ❡♠ s✐✱ ❝♦♠ ✐♥str✉çõ❡s ♣❛r❛ ♦ ❝á❧❝✉❧♦ q✉❡ ❡♥✈♦❧✈❡♠ ❞✐❢❡r❡♥t❡s ❝♦♥✜✲
❣✉r❛çõ❡s ❞❡ ♣✐st❛ ❡ s✐t✉❛çõ❡s ❞❡ ♦♣❡r❛çõ❡s✱ ❛❧é♠ ❞❡ ❝❡♥ár✐♦s ❡①tr❛♦r❞✐♥ár✐♦s✱ ❝♦♠♦ ❛❡r♦♣♦rt♦s
❝♦♠ ♣✐st❛ r❡str✐t❛ ❛ ♣❡q✉❡♥❛s ❛❡r♦♥❛✈❡s ❡ ❝♦♥❞✐çõ❡s ♠❡t❡♦r♦❧ó❣✐❝❛s ❞❡s❢❛✈♦rá✈❡✐s✳
◆❛ ♠❡t♦❞♦❧♦❣✐❛ ❞❛ ❋❆❆ sã♦ ✉s❛❞♦s ❢ór♠✉❧❛s ❡ á❜❛❝♦s q✉❡ ❧❡✈❛♠ ❡♠ ❝♦♥s✐❞❡r❛çã♦ ❛ ❝♦♥✲
✜❣✉r❛çã♦ ❞♦ s✐st❡♠❛ ❞❡ ♣✐st❛s✱ ♦ ♠✐① ❞❡ ❛❡r♦♥❛✈❡s ❡ ❛s r❡❣r❛s ❞❡ ✈♦♦✱ ✐st♦ é✱ s❡ ♦ ❛❡r♦♣♦rt♦
♦♣❡r❛ ❝♦♠ r❡❣r❛s ❞❡ ✈♦♦ ♣♦r ✐♥str✉♠❡♥t♦s ✭■❋❘✮ ♦✉ ✈✐s✉❛❧ ✭❱❋❘✮✳
❆s r❡❣r❛s ❞❡ ✈♦♦ ✈✐s✉❛❧✱ ❞♦ ✐♥❣❧ês ✈✐s✉❛❧ ✢✐❣❤t r✉❧❡s ✭❱❋❘✮✱ sã♦ ♦ ❝♦♥❥✉♥t♦ ❞❡ ♣r♦❝❡❞✐♠❡♥t♦s
✉t✐❧✐③❛❞♦ ♣♦r ♣✐❧♦t♦s q✉❛♥❞♦ ♦s ♠❡s♠♦s tê♠ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ ❝♦♥tr♦❧❛r ✈✐s✉❛❧♠❡♥t❡ ❛ ❛❧t✐t✉❞❡ ❞♦
❛✈✐ã♦ ❡ t❛♠❜é♠ ❞❡ t❡r ❝♦♥t❛t♦ ✈✐s✉❛❧ ❝♦♠ ♦ trá❢❡❣♦ ❛ér❡♦ ❞❡✈✐❞♦ às ❜♦❛s ❝♦♥❞✐çõ❡s ❛t♠♦s❢ér✐❝❛s✳
❈♦♥❢♦r♠❡ ❝♦♥st❛ ❡♠ ❉❊❈❊❆ ✭✷✵✶✻✮✱ ✧❝❛❜❡rá ❛♦ ♣✐❧♦t♦ ❡♠ ❝♦♠❛♥❞♦ ❞❡ ✉♠❛ ❛❡r♦♥❛✈❡ ❡♠ ✈♦♦
❱❋❘ ♣r♦✈✐❞❡♥❝✐❛r s✉❛ ♣ró♣r✐❛ s❡♣❛r❛çã♦ ❡♠ r❡❧❛çã♦ ❛ ♦❜stá❝✉❧♦s ❡ ❞❡♠❛✐s ❛❡r♦♥❛✈❡s ♣♦r ♠❡✐♦
❞♦ ✉s♦ ❞❛ ✈✐sã♦✧✳ ❖ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠ ❞❡ ✉♠❛ ❛❡r♦♥❛✈❡ q✉❡ ✈♦❛ ❱❋❘ é ♣r♦✐❜✐❞♦ q✉❛♥❞♦✱ ♣♦r
❡①❡♠♣❧♦✱ ❤á ❝❤✉✈❛✱ ♥❡❜❧✐♥❛ ♦✉ ♥✉✈❡♥s ❞❡♥s❛s✳ ❊st❡ t✐♣♦ ❞❡ ✈♦♦ é ❢❡✐t♦✱ ❣❡r❛❧♠❡♥t❡✱ s♦♠❡♥t❡
♣♦r ❛❡r♦♥❛✈❡s ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡✳
❆s r❡❣r❛s ❞❡ ✈♦♦ ♣♦r ✐♥str✉♠❡♥t♦s✱ ❞♦ ✐♥❣❧ês ✐♥str✉♠❡♥t ✢✐❣❤t r✉❧❡s ✭■❋❘✮ sã♦ ♦ ❝♦♥❥✉♥t♦ ❞❡
r❡❣r❛s q✉❡ ♦ ♣✐❧♦t♦ t❡♠ q✉❡ s❡❣✉✐r ♣❛r❛ ❝♦♥❞✉③✐r ❛ ❛❡r♦♥❛✈❡ ❝♦♠ ❛ ♦r✐❡♥t❛çã♦ ♣♦r ✐♥str✉♠❡♥t♦s✳
P❛r❛ ✈♦❛r ■❋❘ ❛ ❛❡r♦♥❛✈❡ t❡♠ q✉❡ s❡r ❤♦♠♦❧♦❣❛❞❛ ♣❛r❛ ❡st❡ ♣r♦❝❡❞✐♠❡♥t♦ ❡ ♦ ♣✐❧♦t♦ t❡♠ q✉❡
s❡r ❝❡rt✐✜❝❛❞♦ q✉❡ é ❝❛♣❛③ ❞❡ r❡❛❧✐③❛r ✉♠ ✈♦♦ ♣♦r ✐♥str✉♠❡♥t♦s✳ ❊♠ ✉♠ ✈♦♦ ■❋❘✱ q✉❡♠ ♠❛♥té♠
❛ ❛❡r♦♥❛✈❡ ❧♦♥❣❡ ❞♦ trá❢❡❣♦ ❛ér❡♦ ❡ ❞❡ ♦❜stá❝✉❧♦s é ♦ ❝♦♥tr♦❧❡ ❞❡ tr❛❢❡❣♦ ❛ér❡♦✳
❖ ♣r✐♠❡✐r♦ ♣❛ss♦ ❞❛ ♠❡t♦❞♦❧♦❣✐❛ é ✐❞❡♥t✐✜❝❛r ❡♠ ✉♠ á❜❛❝♦ ✐♥❞✐❝❛❞♦ ♥❛ ❝✐r❝✉❧❛r ♦ ✈❛❧♦r ❞❡
❈ ✭❜❛s❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ r❡❢❡rê♥❝✐❛ ♣♦r ❤♦r❛✮✱ ❚ ✭❝♦❡✜❝✐❡♥t❡ t♦✉❝❤ ❛♥❞ ❣♦✮ ❡ ❊ ✭❝♦❡✜❝✐❡♥t❡ ❞❡
s❛í❞❛✮✳ P❛r❛ ❞❡✜♥✐çã♦ ❞❡ ❈ é ♥❡❝❡ssár✐♦ ❞❡t❡r♠✐♥❛r ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ❛❡r♦♥❛✈❡s ❞❡ ❝❧❛ss❡s ❈
❡ ❉✱ ❞❡✜♥✐❞❛s ♣❡❧❛ ❋❆❆ ❝♦♠♦ ❛q✉❡❧❛s q✉❡ ♣❡s❛♠ ❡♥tr❡ ❡♥tr❡ ✺✳✼✵✵ ❡ ✶✸✻✳✵✵✵ ❦❣ ❡ ❛❡r♦♥❛✈❡s
❝♦♠ ♣❡s♦ ♠❛✐♦r q✉❡ ✶✸✻✳✵✵✵ ❦❣✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✱ q✉❡ ♦♣❡r❛♠ ♥❛ ♣✐st❛ ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠ ❡
❝❛❧❝✉❧❛r ♦ í♥❞✐❝❡✲♠✐① ✭■▼✮ ❛tr❛✈és ❞❛ ❊q✉❛çã♦ ✶✿
✽
IM = %C + 3 ·%D ✭✶✮
❖♥❞❡✿
IM ❂ ❮♥❞✐❝❡✲♠✐①
%C ❂ P♦r❝❡♥t❛❣❡♠ ❞❡ ❛❡r♦♥❛✈❡s ❞❡ ❝❧❛ss❡ ❈ q✉❡ ♦♣❡r❛ ❡♠ ✉♠ ❛❡r♦♣♦rt♦
%D ❂ P♦r❝❡♥t❛❣❡♠ ❞❡ ❛❡r♦♥❛✈❡s ❞❡ ❝❧❛ss❡ ❉ q✉❡ ♦♣❡r❛ ❡♠ ✉♠ ❛❡r♦♣♦rt♦
❆❧é♠ ❞✐ss♦✱ t❛♠❜é♠ é ♥❡❝❡ssár✐♦ s❛❜❡r ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ❝❤❡❣❛❞❛s ♣❛r❛ ♦❜t❡♥çã♦ ❞♦ ✈❛❧♦r
❞❡ ❈✳
❉❡♣♦✐s✱ t❡♠ q✉❡ s❡ ❞❡✜♥✐r ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ♦♣❡r❛çõ❡s t♦✉❝❤ ❛♥❞ ❣♦✱ q✉❡✱ s❡❣✉♥❞♦ ❋❆❆
✭✶✾✽✸✮✱ é ✉♠❛ ♠❛♥♦❜r❛ ❞❡ ♣♦✉s♦ s❡❣✉✐❞❛ ♣♦r ❛♣❧✐❝❛çã♦ ❞❡ ♣♦tê♥❝✐❛ ❡ ❞❡❝♦❧❛❣❡♠ ✐♠❡❞✐❛t❛✱ s❡♠
♣❛r❛r ❛ ❛❡r♦♥❛✈❡✱ ❞✉r❛♥t❡ ♦♣❡r❛çõ❡s ❝♦♠ ❱❋❘ ♣❛r❛ q✉❡ s❡ t❡♥❤❛ ♦ ✈❛❧♦r ♣❛r❛ ❚❀ ♣❛r❛ ♦♣❡r❛çõ❡s
❝♦♠ ■❋❘✱ ❚ é ✐❣✉❛❧ ❛ ✶✱✵✳
◆♦ á❜❛❝♦✱ é ❝♦♥s❡❣✉✐❞♦ ♦ ✈❛❧♦r ❞♦ ❝♦❡✜❝✐❡♥t❡ ❞❡ s❛í❞❛ ❊ ❝♦♠ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❧♦❝❛❧✐③❛çã♦
❞❛s s❛í❞❛s ❞❛ ♣✐st❛ ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠✳
❆ ❝❛♣❛❝✐❞❛❞❡ ❤♦rár✐❛ ❞♦ s✐st❡♠❛ ❞❡ ♣✐st❛s é✱ ❡♥tã♦✱ ❝❛❧❝✉❧❛❞❛ ❛tr❛✈és ❞❛ ❊q✉❛çã♦ ✷✿
Capacidade = C · T · E ✭✷✮
❖♥❞❡✿
Capacidade ❂ ❈❛♣❛❝✐❞❛❞❡ ❤♦rár✐❛ ❞♦ s✐st❡♠❛ ❞❡ ♣✐st❛s
C ❂ ❇❛s❡ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞❡ r❡❢❡rê♥❝✐❛ ♣♦r ❤♦r❛
T ❂ ❈♦❡✜❝✐❡♥t❡ t♦✉❝❤ ❛♥❞ ❣♦
E ❂ ❈♦❡✜❝✐❡♥t❡ ❞❡ s❛í❞❛
✷✳✸✳✷ ▼ét♦❞♦ ❞♦ ❉❊❈❊❆
❖❉❊❈❊❆ ♣✉❜❧✐❝❛✱ ♥♦ ♠❛♥✉❛❧ ▼❈❆ ✶✵✵✲✶✹ ✕ ❈❛♣❛❝✐❞❛❞❡ ❞♦ ❙✐st❡♠❛ ❞❡ P✐st❛✱ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛
❞❡s❡♥✈♦❧✈✐❞❛ ♣❡❧♦ ❈❡♥tr♦ ❞❡ ●❡r❡♥❝✐❛♠❡♥t♦ ❞❛ ◆❛✈❡❣❛çã♦ ❆ér❡❛ ✭❈●◆❆✮✳ ❆ ✜♥❛❧✐❞❛❞❡ é ❞❡✱
s❡❣✉♥❞♦ ❉❊❈❊❆ ✭✷✵✶✺✮✱ ✧❡st❛❜❡❧❡❝❡r ♦s ♣r♦❝❡❞✐♠❡♥t♦s ❛ s❡r❡♠ ❡♠♣r❡❣❛❞♦s ♥♦ ❝ô♠♣✉t♦ ❞❛
❝❛♣❛❝✐❞❛❞❡ ❞♦ s✐st❡♠❛ ❞❡ ♣✐st❛s ❞♦s ❛❡ró❞r♦♠♦s ❜r❛s✐❧❡✐r♦s✧✳
✏❖ ❈●◆❆ ❞❡s❡♥✈♦❧✈❡✉ ✉♠ ♠ét♦❞♦ ♣❛r❛ ♣❛❞r♦♥✐③❛r ♦ ❝á❧❝✉❧♦ ❞❡ ❝❛♣❛❝✐❞❛❞❡ ❞♦ s✐st❡♠❛
❞❡ ♣✐st❛s✱ ✈✐s❛♥❞♦ ❛❝♦♠♣❛♥❤❛r ❛ ❡✈♦❧✉çã♦ ❞❛ ❞❡♠❛♥❞❛✴❝❛♣❛❝✐❞❛❞❡ ❞❡ ❝❛❞❛ ❛❡ró❞r♦♠♦✱ ❡♥✲
❝♦♥tr❛♥❞♦✱ ❛ss✐♠✱ s✉❜sí❞✐♦s q✉❡ ♣❡r♠✐t❛♠ ❡♠✐t✐r r❡❝♦♠❡♥❞❛çõ❡s ♣ré✈✐❛s ❛♦s ❛❡ró❞r♦♠♦s ❞❡
✐♥t❡r❡ss❡✱ ❝♦♠ ❛ ✜♥❛❧✐❞❛❞❡ ❞❡ ♠❛♥t❡r ❛ ♦♣❡r❛❝✐♦♥❛❧✐❞❛❞❡ ❡♠ ❤❛r♠♦♥✐❛✑ ✭❉❊❈❊❆✱ ✷✵✶✺✮✳
❙ã♦ ♦s ❢❛t♦r❡s ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦ ❡ ♦s r❡❧❛t✐✈♦s ❛s ♦♣❡r❛çõ❡s ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠ q✉❡ sã♦
❝♦♥s✐❞❡r❛❞♦s ♣❛r❛ ❛ ❞❡t❡r♠✐♥❛çã♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡✳ ❚❡r ❝♦♥❞✐çõ❡s ✐❞❡❛✐s ❞❡ s❡q✉❡♥❝✐❛♠❡♥t♦ ❡
❞❡ ❝♦♦r❞❡♥❛çã♦ ❞❡ trá❢❡❣♦ ❛ér❡♦ ❡ q✉❡ t♦❞❛s ❛s ❡q✉✐♣❡s tê♠ ✐❣✉❛❧ ❝❛♣❛❝✐t❛çã♦ sã♦ ❛❧❣✉♥s ❞♦s
✾
❢❛t♦r❡s ❞❡ ♣❧❛♥❡❥❛♠❡♥t♦✳ ◗✉❛♥t♦ ❛♦s r❡❧❛t✐✈♦s ❛s ♦♣❡r❛çõ❡s ❝✐t❛❞❛s ❛❝✐♠❛✱ ❝♦♥✜❣✉r❛çã♦ ❞❛s
♣✐st❛s ❞❡ ♣♦✉s♦ ❡ ❞❡ tá①✐✱ ♦ ♠✐① ❞❡ ❛❡r♦♥❛✈❡s✱ ✉s♦ ♦✉ ♥ã♦ ❞❡ ❡q✉✐♣❛♠❡♥t♦ r❛❞❛r ❡ s❡♣❛r❛çã♦
♠í♥✐♠❛ ❡♥tr❡ ❛s ❛❡r♦♥❛✈❡s✱ sã♦ ❛❧❣✉♥s ❞♦s ❢❛t♦r❡s ❧❡✈❛❞♦s ❡♠ ❝♦♥t❛✳
❆ ♠❡t♦❞♦❧♦❣✐❛ ✉t✐❧✐③❛✱ ❡♥tã♦✱ ♦s t❡♠♣♦s ♠é❞✐♦s ❞❡ ♦❝✉♣❛çã♦ ❞❡ ♣✐st❛ ♥♦ ♣♦✉s♦ ❡ ♥❛ ❞❡❝♦❧❛✲
❣❡♠ ♣❛r❛ ❝❛❞❛ ❝❛t❡❣♦r✐❛ ❞❡ ❛❡r♦♥❛✈❡ ❡ ❛s ❞✐stâ♥❝✐❛s ❞❡ s❡♣❛r❛çã♦ r❡❣✉❧❛♠❡♥t❛r❡s q✉❡ ♦ ❉❊❈❊❆
r❡❝♦♠❡♥❞❛ ♣❛r❛ ❞❡t❡r♠✐♥❛r ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♣♦✉s♦s ❡ ❞❡❝♦❧❛❣❡♥s ♣♦ssí✈❡✐s ♥✉♠ ✐♥t❡r✈❛❧♦ ❞❡ ✉♠❛
❤♦r❛✳
❈♦♥❢♦r♠❡ ❝♦♥st❛ ❡♠ ❉❊❈❊❆ ✭✷✵✶✼❛✮✱ ❛ s❡♣❛r❛çã♦ ❤♦r✐③♦♥t❛❧ ♠í♥✐♠❛ ❡♥tr❡ ❛❡r♦♥❛✈❡s é ❞❡
✺ ◆▼✳ P♦ré♠✱ ❞❡✈✐❞♦ à ❡st❡✐r❛ ❞❡ t✉r❜✉❧ê♥❝✐❛✱ ❤á ✉♠❛ ❡①❝❡çã♦✱ ❞✐s♣♦st❛ ❛tr❛✈és ❞❛s ♠❡❞✐❞❛s
❡①♣♦st❛s ♥❛ ❚❛❜❡❧❛ ✶✳ ❊st❡s ✈❛❧♦r❡s ❞❡ ❞✐stâ♥❝✐❛s ♠í♥✐♠❛s✱ s❡❣✉♥❞♦ ❉❊❈❊❆ ✭✷✵✶✼❛✮✱ ❞❡✈❡♠
s❡r ❛♣❧✐❝❛❞♦s✱ q✉❛♥❞♦ ✉♠❛ ❛❡r♦♥❛✈❡ s❡❣✉✐r ♦✉ ❝r✉③❛r ❛ r♦t❛ ❞❡ ♦✉tr❛ ♥❛ ♠❡s♠❛ ❛❧t✐t✉❞❡ ♦✉
❛ ♠❡♥♦s ❞❡ ✸✵✵ ♠ ❛❜❛✐①♦ ♦✉ q✉❛♥❞♦ ❛♠❜❛s ❛s ❛❡r♦♥❛✈❡s ✉t✐❧✐③❛r❡♠ ❛ ♠❡s♠❛ ♣✐st❛ ♦✉ ♣✐st❛s
♣❛r❛❧❡❧❛s s❡♣❛r❛❞❛s ♣♦r ♠❡♥♦s ❞❡ ✼✻✵ ♠✳
❚❛❜❡❧❛ ✶✿ ▼í♥✐♠♦s ❞❡ s❡♣❛r❛çã♦ ❝♦♠ ❡st❡✐r❛ ❞❡ t✉r❜✉❧ê♥❝✐❛✳
❈❛t❡❣♦r✐❛ ❞❛ ❛❡r♦♥❛✈❡
q✉❡ s❡❣✉❡ à ❢r❡♥t❡
❈❛t❡❣♦r✐❛ ❞❛ ❛❡r♦♥❛✈❡
q✉❡ s❡❣✉❡ ❛trás
▼í♥✐♠♦s
P❡s❛❞❛
P❡s❛❞❛ ✹ ◆▼
▼é❞✐❛ ✺ ◆▼
▲❡✈❡ ✻ ◆▼
▼é❞✐❛ ▲❡✈❡ ✺ ◆▼
❋♦♥t❡✿ ❉❊❈❊❆ ✭✷✵✶✼❛✮✳
❖s ♠í♥✐♠♦s ❞❡ s❡♣❛r❛çã♦ ❞❛ ❡st❡✐r❛ ❞❡ t✉r❜✉❧ê♥❝✐❛ sã♦ ❡st❛❜❡❧❡❝✐❞♦s ♣❡❧♦ ❉❊❈❊❆ ❝♦♠ ❛
✜♥❛❧✐❞❛❞❡ ❞❡ r❡❞✉③✐r ♦s ♣♦ssí✈❡✐s ♣❡r✐❣♦s ❞❛ ♠❡s♠❛✳ ❆ ♣❡rt✉r❜❛çã♦ ♥♦ ❛r q✉❡ ✉♠❛ ❛❡r♦♥❛✈❡ ❣❡r❛
❛♣ós ❞❡✐①❛r ♦ s♦❧♦ ♥❛ ❞❡❝♦❧❛❣❡♠ ♦✉ ❞✉r❛♥t❡ s❡✉ ♣♦✉s♦ é ❝♦♥❤❡❝✐❞♦ ❝♦♠♦ ❡st❡✐r❛ ❞❡ t✉r❜✉❧ê♥❝✐❛✳
❖ ♣✐❧♦t♦ ❞❡ ✉♠ ❛✈✐ã♦ ♣♦❞❡ ♣❡r❞❡r ♦ ❝♦♥tr♦❧❡ s♦❜r❡ ♦ ♠❡s♠♦ s❡ ❡st❡ ❡♥tr❛r ❞❡♥tr♦ ❞❡ ✉♠❛ ❡st❡✐r❛✳
✏❖s três ❡❢❡✐t♦s ❜ás✐❝♦s ❞❛ ❡st❡✐r❛ ❞❡ t✉r❜✉❧ê♥❝✐❛ s♦❜r❡ ❛s ❛❡r♦♥❛✈❡s sã♦✿
♦ ❜❛❧❛♥ç♦ ✈✐♦❧❡♥t♦✱ ❛ ♣❡r❞❛ ❞❡ ❛❧t✉r❛ ♦✉ ❞❡ ✈❡❧♦❝✐❞❛❞❡ ❛s❝❡♥s✐♦♥❛❧ ❡ ♦s
❡s❢♦rç♦s ❞❡ ❡str✉t✉r❛✳ ❖ ♣❡r✐❣♦ ♠❛✐♦r é ♦ ❜❛❧❛♥ç♦ ✈✐♦❧❡♥t♦ ❞❛ ❛❡r♦♥❛✈❡
q✉❡ ♣❡♥❡tr❛ ♥❛ ❡st❡✐r❛ ❛té ✉♠ ♣♦♥t♦ q✉❡ ❡①❝❡❞❛ s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ❝♦✲
♠❛♥❞♦ ♣❛r❛ r❡s✐st✐r ❛ ❡ss❡ ❡❢❡✐t♦✳ ❙❡ ♦ ❡♥❝♦♥tr♦ ❝♦♠ ♦ ✈órt✐❝❡ ♦❝♦rr❡r ♥❛
ár❡❛ ❞❡ ❛♣r♦①✐♠❛çã♦✱ s❡✉ ❡❢❡✐t♦ s❡rá ♠❛✐♦r ♣❡❧♦ ❢❛t♦ ❞❡ ❛ ❛❡r♦♥❛✈❡ q✉❡
s❡❣✉✐r ❛trás s❡ ❡♥❝♦♥tr❛r ♥✉♠❛ s✐t✉❛çã♦ ❝rít✐❝❛ ❝♦♠ r❡❧❛çã♦ à ✈❡❧♦❝✐❞❛❞❡✱
❡♠♣✉①♦✱ ❛❧t✐t✉❞❡ ❡ t❡♠♣♦ ❞❡ r❡❛çã♦✳✑ ✭❉❊❈❊❆✱ ✷✵✶✼❛✮✳
✶✵
❙ã♦ ❞♦✐s ♦s t✐♣♦s ❞❡ s❡♣❛r❛çõ❡s ♠í♥✐♠❛s ❛ s❡r❡♠ ♦❜❡❞❡❝✐❞❛s✱ ❛ ❝♦♥✈❡♥❝✐♦♥❛❧ ✭❝♦♥tr♦❧❡ ❝♦♥✲
✈❡♥❝✐♦♥❛❧ ❞❡ ♣♦s✐çã♦✮ ❡ ❛ r❛❞❛r ✭❛ ✐♥❢♦r♠❛çã♦ ❞❡ ❧♦❝❛❧✐③❛çã♦ ❞❛ ❛❡r♦♥❛✈❡ é ❛❞q✉✐r✐❞❛ ❛tr❛✈és
❞❡ ❢♦♥t❡ r❛❞❛r✮✳
P❛r❛ ❞❡✜♥✐çã♦ ❞❛s ♠í♥✐♠❛s ❞✐stâ♥❝✐❛s ❞❡ s❡♣❛r❛çã♦✱ ♦ ❉❊❈❊❆ s❡♣❛r❛ ❛❡r♦♥❛✈❡s ❞❡ ❛❝♦r❞♦
❝♦♠ ♦ ♣❡s♦ ♠á①✐♠♦ ❞❡ ❞❡❝♦❧❛❣❡♠ ✭▼❚❖❲✱ ❞♦ ✐♥❣❧ês ♠❛①✐♠✉♠ ❞❡s✐❣♥ t❛❦❡♦✛ ✇❡✐❣❤t✮✳ ❙ã♦
três ❝❛t❡❣♦r✐❛s✱ s❡❣✉♥❞♦ ❉❊❈❊❆ ✭✷✵✶✼❛✮✿
• P❡s❛❞❛ ✲ ❛❡r♦♥❛✈❡s ❞❡ ♣❡s♦ ♠á①✐♠♦ ❞❡ ❞❡❝♦❧❛❣❡♠ ❞❡ ✶✸✻✳✵✵✵ ❦❣ ✭✸✵✵✳✵✵✵ ❧✐❜r❛s✮ ♦✉ ♠❛✐s❀
• ▼é❞✐❛ ✲ ❛❡r♦♥❛✈❡s ❞❡ ▼❚❖❲ ✐♥❢❡r✐♦r ❛ ✶✸✻✳✵✵✵ ❦❣ ✭✸✵✵✳✵✵✵ ❧✐❜r❛s✮ ❡ s✉♣❡r✐♦r ❛ ✼✵✵✵ ❦❣
✭✶✺✳✺✵✵ ❧✐❜r❛s✮❀
• ▲❡✈❡ ✲ ❛❡r♦♥❛✈❡s ❞❡ ▼❚❖❲ ❞❡ ✼✵✵✵ ❦❣ ✭✶✺✳✺✵✵ ❧✐❜r❛s✮ ♦✉ ♠❡♥♦s✳
❊♠ r❡❧❛çã♦ ❛ s❡♣❛r❛çã♦ ❝♦♥✈❡♥❝✐♦♥❛❧✱ ♦ ❉❊❈❊❆ ❞❡✜♥❡ ❞✐stâ♥❝✐❛s ♣❛r❛ ❛❡r♦♥❛✈❡s q✉❡ ♣♦✉✲
s❛♠ ❡ ♣❛r❛ ❛s q✉❡ ❞❡❝♦❧❛♠✳
❙♦❜r❡ ❛ ♦♣❡r❛çã♦ ❞❡ ♣♦✉s♦✱ s❡❣✉♥❞♦ ❉❊❈❊❆ ✭✷✵✶✼❛✮✱ ✷ ♠✐♥✉t♦s ❞❡✈❡ s❡r ❛ ❞✐stâ♥❝✐❛ ♠í♥✐♠❛
❛♣❧✐❝❛❞❛ às ❛❡r♦♥❛✈❡s ♠é❞✐❛s q✉❡ ♣♦✉s❡♠ ❛trás ❞❡ ❛❡r♦♥❛✈❡ ♣❡s❛❞❛ ❡ ✸ ♠✐♥✉t♦s ♣❛r❛ ♦ ❝❛s♦ ❞❡
✉♠❛ ❧❡✈❡ ♣♦✉s❛r ❛trás ❞❡ ✉♠❛ ♠é❞✐❛ ♦✉ ♣❡s❛❞❛✳
P❛r❛ ❛ ♦♣❡r❛çã♦ ❞❡ ❞❡❝♦❧❛❣❡♠✱ q✉❛♥❞♦ ❛s ❛❡r♦♥❛✈❡s ❡st✐✈❡r❡♠ ✉s❛♥❞♦ ♠❡s♠❛ ♣✐st❛✱ ✉♠❛
s❡♣❛r❛çã♦ ♠í♥✐♠❛ ❞❡ ✷ ♠✐♥✉t♦s ❞❡✈❡ s❡r ❛♣❧✐❝❛❞❛ ❡♥tr❡ ✉♠❛ ❛❡r♦♥❛✈❡ ❧❡✈❡ ♦✉ ♠é❞✐❛ q✉❡ ❞❡❝♦❧❡
❛trás ❞❡ ✉♠❛ ❛❡r♦♥❛✈❡ ♣❡s❛❞❛ ❡ t❛♠❜é♠ ♥♦ ❝❛s♦ ❞❡ ✉♠❛ ❛❡r♦♥❛✈❡ ❧❡✈❡ q✉❡ ❞❡❝♦❧❡ ❛trás ❞❡ ✉♠❛
❛❡r♦♥❛✈❡ ♠é❞✐❛ ✭❉❊❈❊❆✱ ✷✵✶✼❛✮✳
❯♠❛ ❞❛s ❝♦♥s✐❞❡r❛çõ❡s ❞❛ ♠❡t♦❞♦❧♦❣✐❛ é ❞❡ q✉❡✱ ❝♦♥❢♦r♠❡ ❝♦♥st❛ ❡♠ ❉❊❈❊❆ ✭✷✵✶✺✮✱
✧❛s ♦♣❡r❛çõ❡s ❞❡ ♣♦✉s♦s ❡ ❞❡ ❞❡❝♦❧❛❣❡♥s sã♦ ❡q✉✐t❛t✐✈❛♠❡♥t❡ ❞✐str✐❜✉í❞❛s ❡♠ ✉♠ ❛❡ró❞r♦♠♦
q✉❛❧q✉❡r✱ ❝❛❜❡♥❞♦ ✺✵ ♣♦r ❝❡♥t♦ ❛ ❝❛❞❛ ✉♠❛ ❞❡❧❛s ♥♦ ♣❡rí♦❞♦ ❞❡ ✉♠❛ ❤♦r❛✧✳ ■st♦ s✐❣♥✐✜❝❛ q✉❡
❛ ♠❡t♦❞♦❧♦❣✐❛ ❞♦ ♠❛♥✉❛❧ ▼❈❆ ✶✵✵✲✶✹ ❞♦ ❉❊❈❊❆ ❝♦♥s✐❞❡r❛ ❛ ♣♦ss✐❜✐❧✐❞❛❞❡ ❞❡ s❡ ✐♥t❡r❝❛❧❛r
✉♠❛ ❞❡❝♦❧❛❣❡♠ ❡♥tr❡ ❞♦✐s ♣♦✉s♦s ❝♦♥s❡❝✉t✐✈♦s✳
✷✳✸✳✸ ▼ét♦❞♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ t❡ór✐❝❛ ♠á①✐♠❛
❊st❡ tr❛❜❛❧❤♦ t❡♠ ❝♦♠♦ ✉♠ ❞♦s ♦❜❥❡t✐✈♦s ❡s♣❡❝í✜❝♦s ♦ ❡♠♣r❡❣♦ ❞❡ ✉♠ ♠ét♦❞♦ ❛❧t❡r♥❛t✐✈♦ ❛♦s
tr❛❞✐❝✐♦♥❛✐s ✉t✐❧✐③❛❞♦s ♣♦r ór❣ã♦s ❣♦✈❡r♥❛♠❡♥t❛✐s ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞❛ s✐t✉❛çã♦ ❛t✉❛❧ ❡ ❢✉t✉r❛ ❞❛
❝❛♣❛❝✐❞❛❞❡ ❞♦ ❆❡r♦♣♦rt♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s✳ ❆ ♠❡t♦❞♦❧♦❣✐❛ ✉t✐❧✐③❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦
é ❛ ❡♥❝♦♥tr❛❞❛ ❡♠ ❆❯●❯❙❚❖ ✭✷✵✵✼✮✱ q✉❡ é ❛❧t❡r♥❛t✐✈❛ à ❞❛ ❋❆❆ ❡ ❞♦ ❉❊❈❊❆✳
❆ ❋✐❣✉r❛ ✹ ♠♦str❛ ♦ ❡①❡♠♣❧♦ ❞❡ ✉♠ ❝❛s♦ ✐❞❡❛❧✱ ♣❛r❛ ❛ ♦❜t❡♥çã♦ ❞❡st❛ ❝❛♣❛❝✐❞❛❞❡ ♠á①✐♠❛✳
❆s ❧✐♥❤❛s ❝❤❡✐❛s ♣r❡t❛s ✐♥❞✐❝❛♠ ♦ ♠♦✈✐♠❡♥t♦ ❞❡ ♣♦✉s♦ ✭❝❤❡❣❛❞❛✮ ❞❡ ❞✉❛s ❛❡r♦♥❛✈❡s ❞✐❢❡r❡♥t❡s
q✉❡ tê♠ ♥♦ ❡✐①♦ ❞❛s ♦r❞❡♥❛❞❛s ❛ ❞✐stâ♥❝✐❛ ❡♥tr❡ ❡❧❛s ❡♠ ♠✐❧❤❛s ♥á✉t✐❝❛s✱ ❡♥tr❡ ✷ ❡ ✺ ◆▼ ♥❛s
r❡❝♦♠❡♥❞❛çõ❡s ❞❛ ❋❆❆✳
✶✶

• ▼● ❂ ▼✉✐t♦ ❣r❛♥❞❡s ✲ ❛❡r♦♥❛✈❡s ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ♣❛r❛ ♠❛✐s ❞❡ ✷✵✵ P❆❳✳
• ● ❂ ●r❛♥❞❡s ✲ ❛❡r♦♥❛✈❡s ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✶✵✵ ❛ ✷✵✵ P❆❳✳
• ▼ ❂ ▼é❞✐❛s ✲ ❛❡r♦♥❛✈❡s ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✹✵ ❛ ✶✵✵ P❆❳✳
• P ❂ P❡q✉❡♥❛s ✲ ❛❡r♦♥❛✈❡s ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❡♠ t♦r♥♦ ❞❡ ✸✵ P❆❳✳
• ▼P ❂ ▼✉✐t♦ ♣❡q✉❡♥❛s ✲ ❛❡r♦♥❛✈❡s ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❡♠ t♦r♥♦ ❞❡ ✾ P❆❳✳
❖ ♠✐① ❞❡ ✉♠❛ ❛❡r♦♥❛✈❡ ♥♦ ❛❡r♦♣♦rt♦ é ❞❡✜♥✐❞♦ ♣❡❧❛ ❊q✉❛çã♦ ✸✿
Mixaeronave = V oosaeronave/V oostotal ✭✸✮
❖♥❞❡✿
Mixaeronave ❂ P♦r❝❡♥t❛❣❡♠ ❞❡ ✉♠❛ ❛❡r♦♥❛✈❡ ♥♦ ♠✐① ❞♦ ❛❡r♦♣♦rt♦
V oosaeronave ❂ ◗✉❛♥t✐❞❛❞❡ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ✉♠❛ ❛❡r♦♥❛✈❡ ❡♠ ✉♠ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦ ♥♦
❛❡r♦♣♦rt♦
V oostotal ❂ ◗✉❛♥t✐❞❛❞❡ t♦t❛❧ ❞❡ ♦♣❡r❛çõ❡s ❞❡ ❛❡r♦♥❛✈❡s ❡♠ ✉♠ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦ ♥♦ ❛❡r♦✲
♣♦rt♦
❈♦♠ ♦ ✈❛❧♦r ❞❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡ ❝❛❞❛ ❛❡r♦♥❛✈❡ ♥♦ ♠✐① ❞♦ ❛❡r♦♣♦rt♦✱ é ♣♦ssí✈❡❧ ❝❤❡❣❛r ♥♦
✈❛❧♦r ❞♦ t❡♠♣♦ ❞❡ ❞❡❝♦❧❛❣❡♠✱ ❡♠ q✉❡ ❞❡✈❡ s❡r ❢❡✐t♦ ♦ ♣r♦❞✉t♦ ❞♦ ♠✐① ❞❡ ❛❡r♦♥❛✈❡s ♣❡❧♦s r❡s✲
♣❡❝t✐✈♦s t❡♠♣♦s ❞❡ ❞❡❝♦❧❛❣❡♠✳ ❊st❡s✱ s❡❣✉♥❞♦ ❆❯●❯❙❚❖ ✭✷✵✵✼✮✱ ❢♦r❛♠ ❧❡✈❛♥t❛❞♦s ❛tr❛✈és ❞❡
♣r♦✜ss✐♦♥❛✐s ✈✐♥❝✉❧❛❞♦s ❛♦ ■♥st✐t✉t♦ ❚❡❝♥♦❧ó❣✐❝♦ ❞❡ ❆❡r♦♥á✉t✐❝❛ ✭■❚❆✮✳ ◆❛ ❚❛❜❡❧❛ ✷ é ♣♦ssí✈❡❧
❡♥❝♦♥tr❛r ♦s t❡♠♣♦s ❞❡ ❞❡❝♦❧❛❣❡♠ ♣❛r❛ ❝❛❞❛ t❛♠❛♥❤♦ ❞❡ ❛❡r♦♥❛✈❡✳
❚❛❜❡❧❛ ✷✿ ❚❡♠♣♦s ❞❡ ❞❡❝♦❧❛❣❡♠ ♣❛r❛ ❝❛❞❛ t❛♠❛♥❤♦ ❞❡ ❛❡r♦♥❛✈❡✳
❚❡♠♣♦ ❞❡ ❞❡❝♦❧❛❣❡♠ ✭s✮
❚❛♠❛♥❤♦
❞❛ ❛❡r♦♥❛✈❡
❆❧✐♥❤❛♠❡♥t♦ ❘♦❧❛❣❡♠ ❚♦t❛❧
▼● ✺✵ ✷✺ ✼✺
● ✹✵ ✸✺ ✼✺
▼ ✹✵ ✸✺ ✼✺
P ✸✵ ✹✵ ✼✵
▼P ✷✵ ✺✵ ✼✵
❋♦♥t❡✿ ❆❯●❯❙❚❖ ✭✷✵✵✼✮✳
❆ss✐♠✱ ❝♦♠ ♦s ✈❛❧♦r❡s ❞❡✜♥✐❞♦s ♣❛r❛ ♦ ♠✐① ❡ ♣❛r❛ ♦ t❡♠♣♦ ❞❡ ❞❡❝♦❧❛❣❡♠ ♣❛r❛ ❝❛❞❛ t❛♠❛♥❤♦
❞❡ ❛❡r♦♥❛✈❡✱ é ♣♦ssí✈❡❧ ❡♥❝♦♥tr❛r ♦ t❡♠♣♦ ❞❡ ❞❡❝♦❧❛❣❡♠ t♦t❛❧✱ ❝♦♠♦ ♥❛ ❊q✉❛çã♦ ✹✿
✶✸
T dec.m = T dec.MG ·MMG + T dec.G ·MG + T dec.M ·MM + T dec.P ·M P + T dec.MP ·MMP ✭✹✮
❖♥❞❡✿
T dec.m ❂ ❚❡♠♣♦ ❞❡ ❞❡❝♦❧❛❣❡♠ ♠é❞✐♦ ♥♦ ❛❡r♦♣♦rt♦✱ ❡♠ s❡❣✉♥❞♦s
T dec. ❂ ❚❡♠♣♦ ❞❡ ❞❡❝♦❧❛❣❡♠✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛ ❛❡r♦♥❛✈❡✱ ❡♠ s❡❣✉♥❞♦s
M ❂ ▼✐① ❞❡ ❛❡r♦♥❛✈❡s✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ t❛♠❛♥❤♦ ❞❛s ♠❡s♠❛s✱ ❡♠ ♣♦r❝❡♥t❛❣❡♠
❈♦♠ ✐ss♦✱ ♥❡st❡ ♠ét♦❞♦ ❛❧t❡r♥❛t✐✈♦✱ ♦ ú♥✐❝♦ ✐♠♣❡❞✐♠❡♥t♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ t❡ór✐❝❛ ♠á①✐♠❛
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▲♦❣♦✱ ♣❛r❛ ♦ ❝á❧❝✉❧♦ ❞♦ t❡♠♣♦ ❞❡ s❡♣❛r❛çã♦ ♠é❞✐♦✱ é ✉t✐❧✐③❛❞❛ ✉♠❛ ♠❡t♦❞♦❧♦❣✐❛ ❡♥❝♦♥tr❛❞❛
❡♠ ❍❖❘❖◆❏❊❋❋ ❡t✳ ❛❧✳ ✭✷✵✶✵✮✳ ❆♣r❡s❡♥t❛❞❛ ❝♦♠♦ ❚❤❡ ❊rr♦r✲❋r❡❡ ❈❛s❡✱ é ♥❡❝❡ssár✐♦ ♠♦♥t❛r
✉♠❛ ♠❛tr✐③ ❞❡ ✐♥t❡r✈❛❧♦s ❞❡ t❡♠♣♦ ❡♥tr❡ ♦♣❡r❛çõ❡s✱ ❝♦♠♦ ♥♦ ❝❛s♦ ❞❛ ❚❛❜❡❧❛ ✽ ♣❛r❛ s❡ ♦❜t❡r
✉♠ t❡♠♣♦ ♣♦♥❞❡r❛❞♦✳ P❛r❛ ♦ ❝á❧❝✉❧♦✱ é ✉t✐❧✐③❛❞❛ ❛ ❊q✉❛çã♦ ✺✿
E(∆T ij) = ΣpijM ij = Σ[pij][M ij] ✭✺✮
❖♥❞❡✿
E(∆T ij) ❂ ❚❡♠♣♦ ♠é❞✐♦ ♣♦♥❞❡r❛❞♦
[pij] ❂ ▼❛tr✐③ ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❞❡ ♦❝♦rr❡r ❝❡rt♦ ❝❛s♦ ♥✉♠❛ ♣✐st❛✱ ❝♦♠♦ ✉♠❛ ❛❡r♦♥❛✈❡
♠é❞✐❛ ♣♦✉s❛r ❞❡♣♦✐s ❞❡ ✉♠❛ ❣r❛♥❞❡ ❞❡❝♦❧❛r
✶✽
[M ij] ❂ ▼❛tr✐③ ✐♥t❡r✈❛❧♦s ♠í♥✐♠♦s ❞❡ t❡♠♣♦ ❡♥tr❡ ♦♣❡r❛çõ❡s
❖ t❡♠♣♦ ❞❡ ♦❝✉♣❛çã♦ ❞❡ ♣✐st❛ ♣♦r ❛❡r♦♥❛✈❡s é ❝❛❧❝✉❧❛❞♦ ♣❡❧♦ s♦❢t✇❛r❡ ❘❊❉■▼✳
❉❡ss❛ ❢♦r♠❛✱ s❡❣✉♥❞♦ ❆❯●❯❙❚❖ ✭✷✵✵✼✮✱ ✜❝❛ ❞❡✜♥✐❞♦ ❡♥tã♦ q✉❡ ❛ ❝❛♣❛❝✐❞❛❞❡ t❡ór✐❝❛ ♠á✲
①✐♠❛ ❤♦rár✐❛ é ❡♥❝♦♥tr❛❞❛ ❛tr❛✈és ❞❛ ❊q✉❛çã♦ ✻✿
Nmov. = 3600/(((T dec. +ROT )/2) + T sep.) ✭✻✮
❖♥❞❡✿
Nmov. ❂ ◆ú♠❡r♦ ❞❡ ♠♦✈✐♠❡♥t♦s ✭♦♣❡r❛çõ❡s✮ ♣♦r ❤♦r❛
T dec. ❂ ❚❡♠♣♦ ❞❡ ❞❡❝♦❧❛❣❡♠✱ ❡♠ s❡❣✉♥❞♦s
ROT ❂ ❚❡♠♣♦ ❞❡ ♦❝✉♣❛çã♦ ❞❛ ♣✐st❛✱ ❡♠ s❡❣✉♥❞♦s
T sep. ❂ ❚❡♠♣♦ ❞❡ s❡♣❛r❛çã♦ ❡♥tr❡ ❛❡r♦♥❛✈❡s✱ ❡♠ s❡❣✉♥❞♦s
➱ ✐♠♣♦rt❛♥t❡ ❝✐t❛r q✉❡✱ ♥❡st❛ ♠❡t♦❞♦❧♦❣✐❛✱ ♦s ❛tr❛s♦s✱ q✉❡ ❛❢❡t❛♠ ♦ ♥ú♠❡r♦ ❞❡ ♠♦✈✐♠❡♥t♦s
❡♠ ✉♠ ♣❡rí♦❞♦ ❞❡ t❡♠♣♦✱ ♥ã♦ sã♦ ❝♦♥s✐❞❡r❛❞♦s✳
✷✳✹ ❙♦❢t✇❛r❡ ❘❊❉■▼
❉❡s❡♥✈♦❧✈✐❞♦ ♣❡❧❛ ❱✐r❣✐♥✐❛ ❚❡❝❤✱ ❯♥✐✈❡rs✐❞❛❞❡ ❞♦s ❊st❛❞♦s ❯♥✐❞♦s ❞❛ ❆♠ér✐❝❛ ❧♦❝❛❧✐③❛❞❛ ❡♠
❇❧❛❝❦s❜✉r❣ ♥♦ ❡st❛❞♦ ❞❛ ❱✐r❣í♥✐❛✱ ❛tr❛✈és ❞❡ s❡✉ ❈❡♥tr♦ ❞❡ P❡sq✉✐s❛s ❡♠ ❚r❛♥s♣♦rt❡s✱ ♦ ❘✉♥✇❛②
❊①✐t ■♥t❡r❛❝t✐✈❡ ❉❡s✐❣♥ ▼♦❞❡❧ ✭❘❊❉■▼✮ é ✉♠ s♦❢t✇❛r❡ ❣r❛t✉✐t♦ ❝♦♠ ♦❜❥❡t✐✈♦ ❞❡ t♦r♥❛r ♠❛✐s
rá♣✐❞♦ ♦ ♣❧❛♥❡❥❛♠❡♥t♦ ❞❡ ✉♠❛ ♣✐st❛ ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠ ❛♦ ❡♥❝♦♥tr❛r✱ ♥ã♦ s♦♠❡♥t❡ ❛ ❧♦❝❛✲
❧✐③❛çã♦ ✐❞❡❛❧✱ ❝♦♠♦ t❛♠❜é♠ ✉♠❛ ♠❡❧❤♦r ❣❡♦♠❡tr✐❛ ❞❛s s❛í❞❛s ❞❡ ✉♠❛ ♣✐st❛ ❛tr❛✈és ❞❡ ❛♥á❧✐s❡
q✉❡ ♦❝♦rr❡ s♦❜r❡ ❝♦♥❞✐çõ❡s r❡❛❧íst✐❝❛s✳
❈♦♠ ♣❛tr♦❝í♥✐♦ ❞❛ ❋❆❆ ❡ ❞❛ ❆❞♠✐♥✐str❛çã♦ ◆❛❝✐♦♥❛❧ ❞❛ ❆❡r♦♥á✉t✐❝❛ ❡ ❊s♣❛ç♦ ❞♦s ❊st❛❞♦s
❯♥✐❞♦s ✭◆❆❙❆✱ ❞♦ ✐♥❣❧ês ◆❛t✐♦♥❛❧ ❆❡r♦♥❛✉t✐❝s ❛♥❞ ❙♣❛❝❡ ❆❞♠✐♥✐str❛t✐♦♥✮✱ ♦ ❘❊❉■▼ ❛♣r❡s❡♥t❛
q✉❛tr♦ t✐♣♦s ❞❡ ❛♥á❧✐s❡✿ ✶✮ ❞❡s✐❣♥ ❞❡ ✉♠❛ ♥♦✈❛ ♣✐st❛ ♣❛r❛ ✐♥st❛❧❛çã♦✱ ✷✮ ♠❡❧❤♦r✐❛ ❞❡ ✉♠❛
♣✐st❛ ❡①✐st❡♥t❡✱ ✸✮ ❛✈❛❧✐❛çã♦ ❞❡ ✉♠❛ ♣✐st❛ ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠ ❡①✐st❡♥t❡ ❡ ✹✮ ❛✈❛❧✐❛çã♦ ❞❡
❝♦♠♣♦rt❛♠❡♥t♦ ✐♥❞✐✈✐❞✉❛❧ ❞❡ ✉♠❛ ❛❡r♦♥❛✈❡ ❞♦ ♠♦♠❡♥t♦ ❞❡ t♦q✉❡ ♥❛ ♣✐st❛ ❛té ❞❡s❛❝❡❧❡r❛çã♦
❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ tá①✐✳
❆ ❛♥á❧✐s❡ ❢❡✐t❛ ♥❡st❡ tr❛❜❛❧❤♦ é ❛ t❡r❝❡✐r❛ ❝✐t❛❞❛ ❛❝✐♠❛✱ ♣❛r❛ q✉❡ ♦ ❘❊❉■▼ ❛♥❛❧✐s❡ ❡ ❞ê ❝♦♠♦
r❡s♣♦st❛ ✈❛❧♦r❡s ❞❡ ❘❖❚✱ ❞❡✜♥✐❞♦ ♣❡❧♦ t❡♠♣♦ ❝♦♥s✉♠✐❞♦ ♣♦r ✉♠❛ ❛❡r♦♥❛✈❡ ❞❡s❞❡ ♦ ✐♥st❛♥t❡
q✉❡ ❡st❛ ❝r✉③❛ ❛ ❝❛❜❡❝❡✐r❛ ❞❛ ♣✐st❛ ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠ ❛té ❡st❛ ❡st❛r ❧✐❜❡r❛❞❛✳ ❖ ❘❊❉■▼
❢♦✐ ❡♠♣r❡❣❛❞♦ t❛♠❜é♠ ❡♠ ❆❯●❯❙❚❖ ✭✷✵✵✼✮
◆❛ ❋✐❣✉r❛ ✺✱ ❞♦ ❘❊❉■▼ ✷✳✶ ❯s❡r✬s ▼❛♥✉❛❧ ✭✶✾✾✼✮✱ ♠❛♥✉❛❧ ❞♦ ✉s✉ár✐♦ ❞♦ ❘❊❉■▼✱ é ♣♦ssí✈❡❧
♥♦t❛r ♦s ❞♦✐s ❢❛t♦r❡s q✉❡ ♠❛✐s ✐♥✢✉❡♥❝✐❛♠ ♥♦ ❘❖❚✱ ❛s ❢❛s❡s ❞❡ ❢r❡♥❛❣❡♠ ❡ ❞❡ ♠❛♥♦❜r❛ ♣❛r❛
s❛í❞❛ ❞❡ ♣✐st❛✱ q✉❡ t♦♠❛♠ ♣♦r ✈♦❧t❛ ❞❡ ✻✵✪ ❡ ✷✺✪ ❞♦ t❡♠♣♦ t♦t❛❧ ❞❡ ♦❝✉♣❛çã♦ ❞❡ ♣✐st❛✱
r❡s♣❡❝t✐✈❛♠❡♥t❡✳
✶✾

❢♦✐ ♣r✐♠❡✐r♦ ❛♣r❡s❡♥t❛❞♦ ♥♦ ❛rt✐❣♦ ▼♦♥t❡ ❈❛r❧♦ ▼❡t❤♦❞✱ ♣✉❜❧✐❝❛❞♦ ♣♦r ❏♦❤♥ ❱♦♥ ◆❡✉♠❛♥♥ ❡
❙t❛♥✐s❧❛✈ ❯❧❛♠✱ ❞♦✐s ♠❛t❡♠át✐❝♦s✳
❖ ▼ét♦❞♦ ❞❡ ▼♦♥t❡ ❈❛r❧♦ ♣♦ss✐❜✐❧✐t❛ s✐♠✉❧❛r q✉❛❧q✉❡r ♣r♦❝❡ss♦ ♥♦ q✉❛❧ ❛ ❡①❡❝✉çã♦ é ❞❡✲
♣❡♥❞❡♥t❡ ❞❡ ❢❛t♦r❡s ❛❧❡❛tór✐♦s ✭❋❊❘◆❆◆❉❊❙✱ ✷✵✵✺✮✳ ❈♦♠♦ ♦✉tr❛ ❢♦r♠❛ ❞❡ ❡①♣❧✐❝❛r ♦ ❛ ♠❡t♦✲
❞♦❧♦❣✐❛✱ é ♣♦ssí✈❡❧ ❞✐③❡r q✉❡ ♦ ♠❡s♠♦ ♣❡r♠✐t❡ q✉❡ s❡❥❛♠ ❢❡✐t♦s t❡st❡s ❝♦♠ ✈❛r✐á✈❡✐s ✉♠ ♥ú♠❡r♦
♠✉✐t♦ ❣r❛♥❞❡ ❞❡ ✈❡③❡s ♣❛r❛ t❡r ❛ ❝❤❛♥❝❡ ❞❡ ❛❧❣✉♠ r❡s✉❧t❛❞♦ ❝♦♠ ♠❛✐s ♣r❡❝✐sã♦ ❛❝♦♥t❡❝❡r✳
❙❡❣✉♥❞♦ ❱✐r❣✐♥✐❛ ❚❡❝❤ ✭✶✾✾✼✮✱ ✏❛ té❝♥✐❝❛ ❞❡ s✐♠✉❧❛çã♦ ❞❡ ▼♦♥t❡ ❈❛r❧♦ ❢♦✐ ✉s❛❞❛ ♣r✐♠❡✐r❛✲
♠❡♥t❡ ♣❛r❛ ❡st✐♠❛r ❛s ❞✐s♣❡rsõ❡s ❞❡ ❞✐stâ♥❝✐❛s ❞♦ ♠♦✈✐♠❡♥t♦ ❞❛s ❛❡r♦♥❛✈❡s ❞♦ ♠♦♠❡♥t♦ ❞❡
t♦q✉❡ ♥❛ ♣✐st❛ ❛té ❛ ❞❡s❛❝❡❧❡r❛çã♦ ❝♦♠ ✉s♦ ❞❡ ❞✐str✐❜✉✐çõ❡s ♥♦r♠❛✐s ❞❛ ❛❡r♦♥❛✈❡ ♣❛r❛ ❛❧❣✉♥s
❞♦s ♣❛râ♠❡tr♦s ❞❛ ❛❡r♦♥❛✈❡ q✉❡ ❞✐t❛r❛♠ ♦ ❞❡s❡♠♣❡♥❤♦ ❞❡st❡ ♠♦✈✐♠❡♥t♦✑✳
❈♦♠ ✉♠ ♥ú♠❡r♦ ❣r❛♥❞❡ ❞❡ ❞✐s♣❡rsõ❡s ✭✈❛r✐á✈❡✐s✮✱ ❛tr❛✈és ❞♦ ♠ét♦❞♦ ❞❡ ▼♦♥t❡ ❈❛r❧♦✱ é
♣♦ssí✈❡❧ ❝❤❡❣❛r ❝♦♠ ♠❛✐s ♣r❡❝✐sã♦ ❛ ✉♠ ❞❛❞♦ ♠❛✐s ❞❡✜♥✐t✐✈♦ s♦❜r❡ ♦ t❡♠♣♦ q✉❡ ❛ ❛❡r♦♥❛✈❡
❞❡♠♦r❛ ♣r❛ ❢❛③❡r ♦ ♠♦✈✐♠❡♥t♦ ❞❡ ❞❡s❛❝❡❧❡r❛çã♦ ❛té ❛t✐♥❣✐r ✉♠❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ tá①✐ ♣❛r❛ ❡♥tã♦
s❛✐r ❞❛ ♣✐st❛ ❡ ❧✐❜❡r❛r ❛ ♠❡s♠❛ ♣❛r❛ ♦✉tr❛ ♦♣❡r❛çã♦✳
✷✶
✸ ❆❡r♦♣♦rt♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s
◆♦ ❇r❛s✐❧✱ ❋❧♦r✐❛♥ó♣♦❧✐s é ❛ ❝❛♣✐t❛❧ ❞♦ ❡st❛❞♦ ❞❡ ❙❛♥t❛ ❈❛t❛r✐♥❛ ❡ ♦ ❛❡r♦♣♦rt♦ ✐♥t❡r♥❛❝✐♦♥❛❧ ❞❛
❝✐❞❛❞❡ t❡♠ ❋▲◆ ❝♦♠♦ s✐❣❧❛ s❡❣✉♥❞♦ ❛ ❆ss♦❝✐❛çã♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❚r❛♥s♣♦rt❡ ❆ér❡♦ ✭■❆❚❆✱
❞♦ ✐♥❣❧ês ■♥t❡r♥❛t✐♦♥❛❧ ❆✐r ❚r❛♥s♣♦rt ❆ss♦❝✐❛t✐♦♥✮ ❡ ❙❇❋▲ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❛ ■❈❆❖✳ ❉♦r❛✈❛♥t❡✱
♥❡st❡ tr❛❜❛❧❤♦✱ ♦ ❆❡r♦♣♦rt♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s ✲ ❍❡r❝í❧✐♦ ▲✉③ é ❝✐t❛❞♦ ♣♦r ❋▲◆✳
❈♦♥❢♦r♠❡ ❛ ♣á❣✐♥❛ ♥❛ ✐♥t❡r♥❡t ❞❛ ■♥❢r❛❡r♦ ✭❁❤tt♣✿✴✴✇✇✇✹✳✐♥❢r❛❡r♦✳❣♦✈✳❜r✴❛❡r♦♣♦rt♦s✴❛❡r♦✲
♣♦rt♦✲✐♥t❡r♥❛❝✐♦♥❛❧✲❞❡✲✢♦r✐❛♥♦♣♦❧✐s✲❤❡r❝✐❧✐♦✲❧✉③✴s♦❜r❡✲♦✲❛❡r♦♣♦rt♦✴❝❛r❛❝t❡r✐st✐❝❛s✴❃✮✱ ❡♠ r❡❧❛✲
çã♦ à ❡str✉t✉r❛ ❛t✉❛❧✱ ♦ t❡r♠✐♥❛❧ ❞❡ ♣❛ss❛❣❡✐r♦s t❡♠ ✾✳✹✹✵♠✷✱ ♦ ❡st❛❝✐♦♥❛♠❡♥t♦ ❞❡ ✈❡í❝✉❧♦s
s✉♣♦rt❛ ✺✸✾ ✈❛❣❛s✱ ♦ ❡st❛❝✐♦♥❛♠❡♥t♦ ❞❡ ❛❡r♦♥❛✈❡s ❞❡ ❛✈✐❛çã♦ ❣❡r❛❧ t❡♠ ✺ ♣♦s✐çõ❡s ❡ ♦ ❞❡
❛❡r♦♥❛✈❡s ❞❛ ❛✈✐❛çã♦ r❡❣✉❧❛r t❡♠ ✾ ♣♦s✐çõ❡s✳ ❖ ♣át✐♦ ❞❡ ❛❡r♦♥❛✈❡s t❡♠ ✷✵✳✶✽✼♠✷ ❡ ♦ sít✐♦
❛❡r♦♣♦rt✉ár✐♦ t❡♠ ✾✳✵✽✻ ♠✐❧❤õ❡s ❞❡ ♠✷✳
❖ ❛❡r♦♣♦rt♦ ♣♦ss✉✐ ❞✉❛s ♣✐st❛s✱ ✶✹✴✸✷ ❡ ✵✸✴✷✶✱ ❛ ♣r✐♠❡✐r❛ ❝♦♠ ❞✐♠❡♥sõ❡s ❞❡ ✷✳✸✵✵♠ ① ✹✺♠
❡ ❛ s❡❣✉♥❞❛ ❝♦♠ ✶✳✺✵✵♠ ① ✹✺♠✳ ❆t✉❛❧♠❡♥t❡✱ s♦♠❡♥t❡ ❛ ♠❛✐♦r ♣✐st❛ é ✉t✐❧✐③❛❞❛ ♣❛r❛ ✈♦♦s
r❡❣✉❧❛r❡s✳ ❆ ♣✐st❛ ✵✸✴✷✶ t❡♠ s♦♠❡♥t❡ ✶✳✸✻✵♠ ✉t✐❧✐③á✈❡✐s ❞♦s ✶✳✺✵✵♠ ❡ t❛♠❜é♠ só ♦♣❡r❛ ❱❋❘✱
♦ q✉❡ ❛ ❢❛③ ❛❞❡q✉❛❞❛ ♣❛r❛ ❛❡r♦♥❛✈❡s ❞❡ ♣❡q✉❡♥♦ ♣♦rt❡✳ ❖✉tr♦ ❛s♣❡❝t♦ q✉❡ ❞✐✜❝✉❧t❛ ❛ ♦♣❡r❛çã♦
♥❡❧❛ é q✉❡ ❛ ❝❛❜❡❝❡✐r❛ ✷✶ ❡stá ❞✐r❡❝✐♦♥❛❞❛ ♣❛r❛ ♦ ▼♦rr♦ ❞❛ ❈r✉③✱ ❧♦❝❛❧ ❝♦♠ ❞✐✈❡rs❛s ❛♥t❡♥❛s ❞❛s
❡♠✐ss♦r❛s ❞❡ t❡❧❡✈✐sã♦✳ ❊str❛t❡❣✐❝❛♠❡♥t❡ sã♦ ❝♦❧♦❝❛❞♦s ❛✈✐õ❡s ♠♦♥♦♠♦t♦r ❡ ♦✉tr❛s ❛❡r♦♥❛✈❡s
❞❡ ♣❡q✉❡♥♦ ♣♦rt❡ ♥❛ ♣✐st❛ ✵✸✴✷✶✱ q✉❛♥❞♦ ♦ ❞✐❛ ❡stá ✈✐s✉❛❧✱ ❡ ❞❡st❛ ❢♦r♠❛ sã♦ ♠✐♥✐♠✐③❛❞♦s ♦s
r✐s❝♦s ❞❡ ✉♠❛ ♣❛♥❡ ♥❛ ♣✐st❛ ♣r✐♥❝✐♣❛❧ ❡ ❛ ❝♦♥s❡q✉❡♥t❡ ✐♥t❡r❞✐çã♦ ❞❛ ♠❡s♠❛✳
❆ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ❋▲◆ é ❞❡✜♥✐❞❛ ❡♠ ✹✱✶ ♠✐❧❤õ❡s ❞❡ ♣❛ss❛❣❡✐r♦s ♣♦r ❛♥♦ ❡ s❡rá ✐♥❝r❡♠❡♥✲
t❛❞❛ ♥♦ ❢✉t✉r♦✱ ❥á q✉❡ ♠❡❧❤♦r✐❛s sã♦ ♣r❡✈✐st❛s ♥❡st❡ ♥♦✈♦ ♣❡rí♦❞♦ ❞❡ ✸✵ ❛♥♦s ❡♠ q✉❡ ❛ ❩✉r✐❝❤
❆✐r♣♦rt ❆● t❡♠ ♦ ❞✐r❡✐t♦ ❞❡ ❛❞♠✐♥✐str❛r ♦ ❋▲◆✳ ❙❡❣✉♥❞♦ ❛ ♣á❣✐♥❛ ♥❛ ✐♥t❡r♥❡t ❞♦ ♣♦rt❛❧ ❞❡ ♥♦✲
tí❝✐❛s ◆❉ ❖♥❧✐♥❡ ✭❁❤tt♣s✿✴✴♥❞♦♥❧✐♥❡✳❝♦♠✳❜r✴✢♦r✐❛♥♦♣♦❧✐s✴♥♦t✐❝✐❛s✴❝♦♥❝❡ss✐♦♥❛r✐❛✲❛♣r❡s❡♥t❛✲
❞❡t❛❧❤❡s✲❞♦✲✢♦r✐♣❛✲❛✐r♣♦rt✲♦✲♥♦✈♦✲❛❡r♦♣♦rt♦✲❞❛✲❝❛♣✐t❛❧❃✮✱ ❛ ❝♦♥❝❡ss✐♦♥ár✐❛ ❡s♣❡r❛ q✉❡ ❛ ✐♥❛✉✲
❣✉r❛çã♦ ❞♦ ♥♦✈♦ t❡r♠✐♥❛❧ ❞♦❜r❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ ❛❡r♦♣♦rt♦✳
❆s ♠❡❧❤♦r✐❛s ♣r❡✈✐st❛s ♥✉♠ ♣❡rí♦❞♦ ❞❡ ✽ ❛♥♦s✱ ♦✉ s❡❥❛✱ ❛té ✷✵✷✺ ❝♦♥t❛♠ ❝♦♠ ❛ ❝♦♥str✉çã♦
❞❡ ✉♠❛ ♥♦✈❛ ♣✐st❛ ❞❡ t❛①✐❛♠❡♥t♦✱ ❞❡ ✉♠ ♥♦✈♦ ♣át✐♦ ♣❛r❛ ❛✈✐❛çã♦ r❡❣✉❧❛r✱ ❞❡ ✻✸ ♠✐❧ ♠✷ ❡
❞❡ ✉♠ ♥♦✈♦ ❚P❙ ❞❡ ❞♦✐s ♣❛✈✐♠❡♥t♦s ✭❝♦♠ t❡rr❛ç♦✲♠✐r❛♥t❡ ♣❛r❛ ❛♣r❡❝✐❛çã♦ ❞❛s ❛❡r♦♥❛✈❡s ♥❛s
♦♣❡r❛çõ❡s ❞❡ ❞❡❝♦❧❛❣❡♠ ❡ ♣♦✉s♦✮ ❝♦♠ ❝♦♠ ✻✻✳✵✵✵ ♠✷✳ ■♠❛❣❡♥s ❞❡ ❝♦♠♦ ✜❝❛rá ♦ ♥♦✈♦ t❡r♠✐♥❛❧
♣♦❞❡♠ s❡r ✈❡r✐✜❝❛❞❛s ♥❛s ❋✐❣✉r❛s ✽ ❡ ✾✳ ❆❧é♠ ❞✐ss♦✱ ❛ r❡❢♦r♠❛ ❞♦ ❛t✉❛❧ t❡r♠✐♥❛❧ ♣❛r❛ q✉❡
s❡ t♦r♥❡ ✉♠ t❡r♠✐♥❛❧ ❞❡ ❛✈✐❛çã♦ ❣❡r❛❧ ❡ ✉♠ ♥♦✈♦ ❡st❛❝✐♦♥❛♠❡♥t♦ ❡♠ ❢r❡♥t❡ ❛♦ t❡r♠✐♥❛❧ ❛ s❡r
❡r❣✉✐❞♦✱ ❝♦♠ ✻✺✳✵✵✵♠✷✱ ❝♦♠♦ ♣♦❞❡ s❡r ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✻✳
❖ ❧✐♠✐t❡ ❞♦ sít✐♦ ❛❡r♦♣♦rt✉ár✐♦ ♣♦❞❡ s❡r ✈❡r✐✜❝❛❞♦ ♥❛ ❋✐❣✉r❛ ✼✱ ❡st❡ é ❞❡✜♥✐❞♦ ♣❡❧❛ ❧✐♥❤❛
❛♠❛r❡❧❛✱ ❛ s❡çã♦ ❡♠ ❛♠❛r❡❧♦ ♠❛✐s ❡s❝✉r♦✱ r❡♣r❡s❡♥t❛ ♦ ❧♦❝❛❧ ❞❛s ♥♦✈❛s ✐♥st❛❧❛çõ❡s✳
❙❡❣✉♥❞♦ ❛ ♣á❣✐♥❛ ♥❛ ✐♥t❡r♥❡t ❞♦ ♣♦rt❛❧ ❞❡ ♥♦tí❝✐❛s ●✶ ❙❈ ✭❁❤tt♣s✿✴✴❣✶✳❣❧♦❜♦✳❝♦♠✴s❝✴s❛♥t❛✲
✷✷
❋✐❣✉r❛ ✻✿ ❖❜r❛s q✉❡ s❡rã♦ r❡❛❧✐③❛❞❛s ♥♦ sít✐♦ ❛❡r♦♣♦rt✉ár✐♦✳
❋♦♥t❡✿❁✇✇✇✷✳✜❡s❝♥❡t✳❝♦♠✳❜r✴✇❡❜✴✉♣❧♦❛❞s✴r❡❝✉rs♦s✴✸✺✶✷❡✽✽✺✽✸✵✾❝✵✻❞✷✽❞❛✹❡❜❜❡❛✻✻✷❜❞✽✳♣❞❢❃
❋✐❣✉r❛ ✼✿ ❙ít✐♦ ❛❡r♦♣♦rt✉ár✐♦ ❞♦ ❛❡r♦♣♦rt♦ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s✳
❋♦♥t❡✿ ❁✇✇✇✷✳✜❡s❝♥❡t✳❝♦♠✳❜r✴✇❡❜✴✉♣❧♦❛❞s✴r❡❝✉rs♦s✴✸✺✶✷❡✽✽✺✽✸✵✾❝✵✻❞✷✽❞❛✹❡❜❜❡❛✻✻✷❜❞✽✳♣❞❢❃
✷✸
❝❛t❛r✐♥❛✴♥♦t✐❝✐❛✴❡♠♣r❡s❛✲❝♦♥❝❡ss✐♦♥❛r✐❛✲♠✉❞❛✲♥♦♠❡✲♣❛r❛✲✢♦r✐♣❛✲❛✐r♣♦rt✲♣❛r❛✲♦♣❡r❛r✲♦✲
❛❡r♦♣♦rt♦✲❤❡r❝✐❧✐♦✲❧✉③✲❡♠✲✢♦r✐❛♥♦♣♦❧✐s✳❣❤t♠❧❃✮✱ ❛ ❩✉r✐❝❤ ❆✐r♣♦rt ❆● ❞❡✜♥✐✉ ❝♦♠♦ ❋❧♦r✐♣❛
❆✐r♣♦rt ♦ ♥♦✈♦ ♥♦♠❡ ❞♦ ❛❡r♦❞ró♠♦✱ ♦ ❆❡r♦♣♦rt♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s ✲ ❍❡r❝í❧✐♦ ▲✉③
s❡❣✉✐rá ❝♦♠♦ ✉♠ ♥♦♠❡ s❡❝✉♥❞ár✐♦✳
❋✐❣✉r❛ ✽✿ ❋❛❝❤❛❞❛ ❢r♦♥t❛❧ ❞♦ ♥♦✈♦ t❡r♠✐♥❛❧ ❞❡ ♣❛ss❛❣❡✐r♦s✳
❋♦♥t❡✿ ❁❤tt♣s✿✴✴✢♦r✐♣❛✲❛✐r♣♦rt✳❝♦♠✴★♥♦✈♦t❡r♠✐♥❛❧❃
❋✐❣✉r❛ ✾✿ ❋❛❝❤❛❞❛ ❧❛t❡r❛❧ ❞♦ ♥♦✈♦ t❡r♠✐♥❛❧ ❞❡ ♣❛ss❛❣❡✐r♦s✳
❋♦♥t❡✿ ❁❤tt♣s✿✴✴✢♦r✐♣❛✲❛✐r♣♦rt✳❝♦♠✴★♥♦✈♦t❡r♠✐♥❛❧❃
❆✐♥❞❛ s♦❜r❡ ♦ ♥♦✈♦ t❡r♠✐♥❛❧ ❞❡ ♣❛ss❛❣❡✐r♦s ❛ s❡r ❝♦♥str✉í❞♦✱ ♦ ♠❡s♠♦ ♣♦ss✉✐rá ✹✵ ❣✉✐❝❤ês
♣❛r❛ ❝❤❡❝❦✲✐♥✱ ❝♦♠♦ ♥❛ ❋✐❣✉r❛ ✶✵✱ ❡ ✽ ❡st❡✐r❛s ❞❡ ❜❛❣❛❣❡♠ ✭✻ ❞♦♠ést✐❝❛s ❡ ✷ ✐♥t❡r♥❛❝✐♦♥❛✐s✮✳
❙ã♦ ♣r❡✈✐st♦s t❛♠❜é♠ ✶✺ ♣♦rtõ❡s ❞❡ ❡♠❜❛rq✉❡✱ ♥♦ ♠✐♥í♠♦✱ ♦s q✉❛✐s s❡r✐❛♠ ✶✷ ❞♦♠ést✐❝♦s
❡ ✸ ✐♥t❡r♥❛❝✐♦♥❛✐s✱ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❡ ✶✵ ♣♦♥t❡s ❞❡ ❡♠❜❛rq✉❡ ❝♦❜❡rt❛s ♣❛r❛ tr❛♥s♣♦rt❡ ❞♦s
♣❛ss❛❣❡✐r♦s ❛té ❛ ❛❡r♦♥❛✈❡✱ ✈✐st❛s ❝♦♠♦ ♥❛ ❋✐❣✉r❛ ✶✶✱ ✉♠ ❞✐s♣♦s✐t✐✈♦ q✉❡ ♥ã♦ ❡①✐st❡ ❛t✉❛❧♠❡♥t❡
♥♦ ❛❡r♦♣♦rt♦ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s✳
✷✹
❋✐❣✉r❛ ✶✵✿ ●✉✐❝❤ês ♣❛r❛ ❝❤❡❝❦✲✐♥ ♥♦ ♥♦✈♦ t❡r♠✐♥❛❧✳
❋♦♥t❡✿ ❁❤tt♣s✿✴✴✢♦r✐♣❛✲❛✐r♣♦rt✳❝♦♠✴★♥♦✈♦t❡r♠✐♥❛❧❃
❋✐❣✉r❛ ✶✶✿ P♦rtõ❡s ❞❡ ❡♠❜❛rq✉❡ ❡q✉✐♣❛❞♦s ❝♦♠ ♣♦♥t❡s ❞❡ ❡♠❜❛rq✉❡ ❝♦❜❡rt❛s✳
❋♦♥t❡✿ ❁❤tt♣s✿✴✴✢♦r✐♣❛✲❛✐r♣♦rt✳❝♦♠✴★♥♦✈♦t❡r♠✐♥❛❧❃
✷✺
✹ ▼❡t♦❞♦❧♦❣✐❛
❆ ♠❡t♦❞♦❧♦❣✐❛ ✉t✐❧✐③❛❞❛ ♥❡st❡ tr❛❜❛❧❤♦ s❡❣✉❡ ❛ s❡q✉ê♥❝✐❛ ♠♦str❛❞❛ ♥❛ ❋✐❣✉r❛ ✶✷ ❛ ♣❛rt✐r
❞❛ ❡s❝♦❧❤❛ ❞♦ ♠ét♦❞♦ ❛♣r❡s❡♥t❛❞♦ ❡♠ ✷✳✸✳✸✳ ❉❡♣♦✐s sã♦ ♦❜t✐❞♦s ♦s ❞❛❞♦s ♥❡❝❡ssár✐♦s✱ t❛♥t♦
♣❛r❛ ❛ ❛♣❧✐❝❛çã♦ ❡♠ ❡q✉❛çõ❡s q✉❛♥t♦ ♣❛r❛ ♦ ✉s♦ ❡♠ s♦❢t✇❛r❡✱ ❡♠ q✉❡ ❝❡♥ár✐♦s sã♦ ♠♦❞❡❧❛❞♦s
♣❛r❛ ♦❜t❡♥çã♦ ❞❡ ✈❛❧♦r❡s ❛ s❡r❡♠ t❛♠❜é♠ ❛♣❧✐❝❛❞♦s ❡♠ ❡q✉❛çõ❡s ♣❛r❛ q✉❡✱ ♥❛ ú❧t✐♠❛ ❡t❛♣❛✱
r❡s✉❧t❛❞♦s s❡❥❛♠ ❣❡r❛❞♦s✳
❋✐❣✉r❛ ✶✷✿ ❋❧✉①♦❣r❛♠❛ ❞♦ ♠ét♦❞♦✳
✷✻
✹✳✶ ❖❜t❡♥çã♦ ❞♦s ❞❛❞♦s
❆s ✐♥❢♦r♠❛çõ❡s ❣❡♦♠ét✐❝❛s ❞♦ ❛❡r♦♣♦rt♦✱ ♦ ♠✐① ❞❡ ❛❡r♦♥❛✈❡s ❡ ❞❛❞♦s ♠❡t❡♦r♦❧ó❣✐❝♦s✱ ❢♦r❛♠
❝♦❧❡t❛❞♦s ❞❛ ❧✐t❡r❛t✉r❛ ❡ ❞❡ ♣á❣✐♥❛s ♥❛ ✐♥t❡r♥❡t ❝♦♠ ❛❝❡ss♦ ❧✐✈r❡✳ ❆ s❡❣✉✐r✱ ❡stá ❞✐s♣♦st♦ ♦ q✉❡
é ♥❡❝❡ssár✐♦ ♣❛r❛ q✉❡ ♦ ❘❊❉■▼ ❝❛❧❝✉❧❡ ♦ ❘❖❚✳
✹✳✶✳✶ ■♥❢♦r♠❛çõ❡s ❣❡♦♠étr✐❝❛s ❞♦ ❛❡r♦♣♦rt♦
❆♣❡s❛r ❞❡ ❛t✉❛❧♠❡♥t❡ ♣♦ss✉✐r ❞✉❛s ♣✐st❛s ❡♠ s❡✉ s✐st❡♠❛ ❡♠ ✉♠❛ ❝♦♥✜❣✉r❛çã♦ ❱✱ ♦ ❛❡r♦✲
♣♦rt♦ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s só ✉t✐❧✐③❛ ✉♠❛ ♣✐st❛ ♣❛r❛ ♣♦✉s♦s ❡ ❞❡❝♦❧❛❣❡♥s ❞❡ ❛✈✐õ❡s ❝♦♠❡r❝✐❛✐s✳ P♦r
✐ss♦✱ é ❞❡✜♥✐❞♦ q✉❡✱ ♥❡st❡ tr❛❜❛❧❤♦✱ ❛ ❝❛♣❛❝✐❞❛❞❡ ❞♦ s✐st❡♠❛ ❞❡ ♣✐st❛s ❞❡st❡ ❛❡r♦♣♦rt♦ s❡rá
❞✐♠❡♥s✐♦♥❛❞❛ ❝♦♠ ❛ ❝♦♥s✐❞❡r❛çã♦ ❞❛ ♣✐st❛ ✶✹✴✸✷ ❛♣❡♥❛s✳
P❛r❛ ❛ s✐t✉❛çã♦ ❛t✉❛❧✱ ❛s ✐♥❢♦r♠❛çõ❡s ❣❡♦♠étr✐❝❛s ❞❛ ♣✐st❛✱ ❡♠ r❡❧❛çã♦ ❛ ♣♦s✐çã♦ ❡ ❛ ❛♥✲
❣✉❧❛çã♦ ❞❛ ú♥✐❝❛ s❛í❞❛✱ ❢♦r❛♠ ❝♦❧❡t❛❞❛s ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛ ❢❡rr❛♠❡♥t❛ ●♦♦❣❧❡ ❊❛rt❤✳ P❛r❛
❛ ❢✉t✉r❛✱ ❛s ♥♦✈❛s s❛í❞❛s q✉❡ ❛ ♣✐st❛ ❞❡ t❛①✐ ❛ s❡r ❝♦♥str✉í❞❛ ♣r♦♣♦r❝✐♦♥❛ t✐✈❡r❛♠ ❛♥❣✉❧❛çã♦
♠❡♥s✉r❛❞❛ ❞❡ ❢♦r♠❛ tr✐❣♦♥♦♠étr✐❝❛✱ ❝♦♠ ❡st❛s ♠❡❞✐❞❛s ❢❡✐t❛s ❛ ♣❛rt✐r ❞❛ ❋✐❣✉r❛ ✻✳ ❈♦♥❢♦r♠❡
❝♦♥st❛ ❡♠ ■♥❢r❛❡r♦ ✭✷✵✶✼❜✮✱ ❛t✉❛❧♠❡♥t❡✱ ❛s ❞✐♠❡♥sõ❡s ❞❛ ♣✐st❛ ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠ sã♦ ❞❡
✷✳✸✵✵ ♠❡tr♦s ❞❡ ❝♦♠♣r✐♠❡♥t♦ ❡ ✹✺ ♠❡tr♦s ❞❡ ❧❛r❣✉r❛ ❡ ❛ ❡❧❡✈❛çã♦ ❞♦ ❋▲◆ é ❞❡ ✺ ♠❡tr♦s ❛❝✐♠❛
❞♦ ♥í✈❡❧ ❞♦ ♠❛r✱ ❞❛❞♦s q✉❡ sã♦ ♦s ♠❡s♠♦s ♣❛r❛ ❛ s✐t✉❛çã♦ ❢✉t✉r❛✳
❆s ✐♥❢♦r♠❛çõ❡s ❣❡♦♠étr✐❝❛s ❞♦ ❋▲◆ ❡stã♦ ❞✐s♣♦st❛s ♥❛s ❚❛❜❡❧❛s ✾ ❡ ✶✵✳
❚❛❜❡❧❛ ✾✿ P♦s✐çã♦ ❞❛s s❛í❞❛s ❡①✐st❡♥t❡s ❞❛ ♣✐st❛ ♥♦ ❛❡r♦♣♦rt♦ ❡♠ r❡❧❛çã♦ à ❝❛❜❡❝❡✐r❛ ✶✹✳
❆❡r♦♣♦rt♦ ❊❧❡✈❛çã♦ ✭♠✮
❉✐♠❡♥sã♦ ❞❛
♣✐st❛ ✭♠✮
❈❛❜❡❝❡✐r❛s ❙❛í❞❛s
P♦s✐çã♦ ❞❛
s❛í❞❛ ✭♠✮
❆♥❣✉❧❛çã♦
❞❛ s❛í❞❛ ✭◦✮
❋▲◆✴❙❇❋▲ ✺ ✷✸✵✵ ① ✹✺ ✶✹ ❡ ✸✷ ✶ ✸✵✵ ✾✵
❚❛❜❡❧❛ ✶✵✿ P♦s✐çã♦ ❞❛s s❛í❞❛s ❢✉t✉r❛s ❞❛ ♣✐st❛ ♥♦ ❛❡r♦♣♦rt♦ ❡♠ r❡❧❛çã♦ à ❝❛❜❡❝❡✐r❛ ✶✹✳
❆❡r♦♣♦rt♦ ❊❧❡✈❛çã♦ ✭♠✮
❉✐♠❡♥sã♦ ❞❛
♣✐st❛ ✭♠✮
❈❛❜❡❝❡✐r❛s ❙❛í❞❛s
P♦s✐çã♦ ❞❛
s❛í❞❛ ✭♠✮
❆♥❣✉❧❛çã♦
❞❛ s❛í❞❛ ✭◦✮
❋▲◆✴❙❇❋▲ ✺ ✷✸✵✵ ① ✹✺ ✶✹ ❡ ✸✷ ✶ ✵ ✹✺
✷ ✻✵✵ ✾✵
✸ ✶✽✵✵ ✹✺
✹ ✷✸✵✵ ✾✵
✷✼





➱ ❢❡✐t❛ ❛ s❡❣✉✐r✱ ❛tr❛✈és ❞❛ ❢❡rr❛♠❡♥t❛ ❙t❛♥❞❛r❞ ❲✐♥❞ ❆♥❛❧②s✐s ♥❛ ♣á❣✐♥❛ ♥❛ ✐♥t❡r♥❡t ❞❛
❋❆❆ ✭❁❤tt♣s✿✴✴❛✐r♣♦rts✲❣✐s✳❢❛❛✳❣♦✈✴❛❣✐s✴♣✉❜❧✐❝❚♦♦❧❜♦①✴✇✐♥❞r♦s❡❋♦r♠✳❥s♣❃✮✱ ❛ ❝❤❡❝❛❣❡♠ ❞❡
q✉❛❧ é ❛ ♣♦r❝❡♥t❛❣❡♠ q✉❡ ❛ ♦r✐❡♥t❛çã♦ ❞❡ ♣✐st❛ ❞♦ ❋▲◆ ❝♦❜r❡ ❡♠ r❡❧❛çã♦ ❛♦s ✈❡♥t♦s✳
❆ ❋❆❆✱ ❛tr❛✈és ❞❡ s✉❛ ❝✐r❝✉❧❛r ❆❈ ✶✺✵✴✺✸✵✵✲✶✸✱ ♣❛❞r♦♥✐③❛ ❡ r❡❝♦♠❡♥❞❛ ❝♦♥✜❣✉r❛çõ❡s
❣❡♦♠étr✐❝❛s ♣❛r❛ ♦ ❞❡s✐❣♥ ❞❡ ♣✐st❛s ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠✱ ❞❡ tá①✐ ❡ ♦✉tr❛s ✐♥st❛❧❛çõ❡s ❡♠ ✉♠
❛❡r♦♣♦rt♦✳
❊♠ r❡❧❛çã♦ ❛ ♦r✐❡♥t❛çã♦ ❞❛ ♣✐st❛ ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❋❆❆ ✭✷✵✶✹✮✱ ❡st❛
❞❡✈❡ s❡r ♦r✐❡♥t❛❞❛ ♥❛ ❞✐r❡çã♦ ❞♦s ✈❡♥t♦s ♣r❡❞♦♠✐♥❛♥t❡s✱ ❝♦♠ ✉♠❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ✈❡♥t♦ ❝r✉③❛❞♦
♣❡r♠✐t✐❞❛ ♥♦ ♠♦♠❡♥t♦ ❞❡ ♣♦✉s♦ ❞❡ ❛❝♦r❞♦ ❝♦♠ ❝❛r❛❝t❡ríst✐❝❛s ❞❛ ♣✐st❛✱ ❛ss✐♠✱ ❛s ❛❡r♦♥❛✈❡s
❞❡✈❡♠ ♣♦❞❡r ♣♦✉s❛r ✾✺✪ ❞♦ t❡♠♣♦✱ ♥♦ ♠í♥✐♠♦✱ ❝♦♠ ❝♦♠♣♦♥❡♥t❡ ❞♦ ✈❡♥t♦ ❝r✉③❛❞♦ ♠❡♥♦r ❞♦
q✉❡ ♦ ♣❡r♠✐t✐❞♦✳
❈♦♠♦ ✈✐st♦ ♥❛ ❋✐❣✉r❛ ✶✾✱ ❛ ❢❡rr❛♠❡♥t❛ ♣❡❞❡ ❛ ✈❡❧♦❝✐❞❛❞❡ ❞♦ ✈❡♥t♦ ❝r✉③❛❞♦✳ ❉❡ ❛❝♦r❞♦ ❝♦♠
❋❆❆ ✭✷✵✶✹✮✱ ❢♦✐ ❞❡✜♥✐❞♦ ♦ ✈❛❧♦r ❞❡ ✶✻ ♥ós✱ ♣❡r♠✐t✐❞♦ ❞❡✈✐❞♦ ❛♦ ❘✉♥✇❛② ❉❡s✐❣♥ ❈♦❞❡ ❞♦ ❋▲◆✱
q✉❡ é ❈✲■■■ ♣♦r ❝❛✉s❛ ❞❛ ✈❡❧♦❝✐❞❛❞❡ ❞❡ ❛♣r♦①✐♠❛çã♦ ❡ ❞❡s✐❣♥ ❞❛s ❛❡r♦♥❛✈❡s q✉❡ ♦♣❡r❛♠ ♥♦
❛❡r♦♣♦rt♦✳ P❛r❛ ♦ ✈❡♥t♦ ❞❡ ❝❛✉❞❛ ❢♦✐ ✐♥❞✐❝❛❞♦ ♦ ✈❛❧♦r ❞❡ ✻✵ ♥ós ♣❛r❛ ❛t❡st❛r q✉❡ ❛ ♣✐st❛ ❡r❛
❜✐❞✐r❡❝✐♦♥❛❧✳
❋✐❣✉r❛ ✶✾✿ ❚❡❧❛ ❞❡ ❡♥tr❛❞❛ ❞❡ ❞❛❞♦s ❞♦ s✐t❡ ❞❛ ❋❆❆ ♣❛r❛ ❝❤❡❝❛❣❡♠ ❞❡ ❝♦❜❡rt✉r❛ ❞♦s ✈❡♥t♦s✳
❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ❁❤tt♣s✿✴✴❛✐r♣♦rts✲❣✐s✳❢❛❛✳❣♦✈✴❛❣✐s✴♣✉❜❧✐❝❚♦♦❧❜♦①✴✇✐♥❞r♦s❡❋♦r♠✳❥s♣❃✳
❆♣ós✱ ❞❡✈❡ s❡r ✐♥s❡r✐❞♦ ♥❛ ❢❡rr❛♠❡♥t❛ t♦❞♦s ♦s r❡❣✐str♦s ❞❡ ✈❡♥t♦s ❝♦♠ s✉❛ ❝❧❛ss❡ ❞❡ ✈❡❧♦❝✐✲
❞❛❞❡ ❡ ❞✐r❡çã♦✳ P❛r❛ ✐ss♦✱ ❢♦✐ ✉t✐❧✐③❛❞♦ ♦✉tr♦ s♦❢t✇❛r❡ ❞❡ ❛❝❡ss♦ ❧✐✈r❡✱ ♦ ◆♦t❡♣❛❞✰✰✱ ✉♠ ❡❞✐t♦r
❞❡ t❡①t♦ ♣❧❛♥♦✳ ❖s ❞❛❞♦s q✉❡ ♦ ❲❘P▲❖❚ ❱✐❡✇ ❣❡r♦✉ ❢♦r❛♠ ❡①♣♦rt❛❞♦s ♣❛r❛ ✉♠ ❢♦r♠❛t♦ ❞❡
t❡①t♦ ♣❧❛♥♦ ✭❈❙❱✱ ❈♦♠♠❛✲❙❡♣❛r❛t❡❞ ❱❛❧✉❡s✮ ❡ ❢♦✐ ❡❧❛❜♦r❛❞♦ ✉♠ ❛rq✉✐✈♦ P❘◆ ❝♦♠ ♦ ❡❞✐t♦r ❞❡
t❡①t♦✱ ❝❛rr❡❣❛❞♦ ♥❛ ♣á❣✐♥❛ ❝♦♠ ❛ ✉t✐❧✐③❛çã♦ ❞❛ ❢✉♥çã♦ ❯♣❧♦❛❞ ❲✐♥❞ ❉❛t❛ ❋✐❧❡✳ ❆ q✉❛♥t✐❞❛❞❡
❞❡ r❡❣✐str♦s ❞❡ ✈❡♥t♦s ♣♦r ❤♦r❛ ❝♦♠ ❛s r❡s♣❡❝t✐✈❛s ✈❡❧♦❝✐❞❛❞❡s ❡ ❞✐r❡çõ❡s ❡stã♦ ❞✐s♣♦st❛s ♥♦
❆♥❡①♦ ❆✳
✸✸
❖ r❡s✉❧t❛❞♦✱ ♠♦str❛❞♦ ♥❛ ❋✐❣✉r❛ ✷✵✱ ❞❡♠♦♥str❛ q✉❡ ❛ ♣✐st❛ ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠ ❞❡ ❝❛❜❡✲
❝❡✐r❛s ✶✹ ❡ ✸✷ ❞♦ ❋▲◆ ♣♦ss✉✐ ✉♠❛ ❝♦❜❡rt✉r❛ ❞❡ ✾✾✱✾✺✪ ❞♦s ✈❡♥t♦s✱ ♠❛✐s ❞♦ q✉❡ ♦ r❡❝♦♠❡♥❞❛❞♦
♣❡❧❛ ❋❆❆✳
❋✐❣✉r❛ ✷✵✿ ●rá✜❝♦ ❞❛ ❝♦❜❡rt✉r❛ ❞♦s ✈❡♥t♦s ❞❛ ♣✐st❛ ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠✳
❋♦♥t❡✿ ❆❞❛♣t❛❞♦ ❞❡ ❁❤tt♣s✿✴✴❛✐r♣♦rts✲❣✐s✳❢❛❛✳❣♦✈✴❛❣✐s✴♣✉❜❧✐❝❚♦♦❧❜♦①✴✇✐♥❞r♦s❡❋♦r♠✳❥s♣❃✳
✸✹
❆ ♣♦r❝❡♥t❛❣❡♠ ❞♦ t❡♠♣♦ q✉❡ ❛ ♣✐st❛ ❞❡ ♣♦✉s♦ ❡ ❞❡❝♦❧❛❣❡♠ ❡stá ♠♦❧❤❛❞❛ é ♦✉tr♦ ❞❛❞♦
♠❡t❡♦r♦❧ó❣✐❝♦ q✉❡ ♦ ❘❊❉■▼ r❡q✉❡r✳ ❙♦❜r❡ ❡st❛✱ ♥ã♦ ❢♦r❛♠ ❡♥❝♦♥tr❛❞❛s ✐♥❢♦r♠❛çõ❡s r❡❝❡♥t❡s✳
❖ ■♥st✐t✉t♦ ◆❛❝✐♦♥❛❧ ❞❡ ▼❡t❡♦r♦❧♦❣✐❛ ✭■◆▼❊❚✮✱ ❛ ❙♦❝✐❡❞❛❞❡ ❇r❛s✐❧❡✐r❛ ❞❡ ▼❡t❡♦r♦❧♦❣✐❛
✭❙❇▼❊❚✮ ❡ ♦ ■♥st✐t✉t♦ ◆❛❝✐♦♥❛❧ ❞❡ P❡sq✉✐s❛s ❊s♣❛❝✐❛✐s ✭■◆P❊✮✱ ❝♦♠ s❡✉ ❈❡♥tr♦ ❞❡ Pr❡✈✐sã♦ ❞♦
❚❡♠♣♦ ❡ ❊st✉❞♦s ❈❧✐♠át✐❝♦s ✭❈P❚❊❈✮✱ ♥ã♦ ♣♦ss✉❡♠ ❡ss❛ ❡s♣❡❝í✜❝❛ ✐♥❢♦r♠❛çã♦ q✉❡ ♦ s♦❢t✇❛r❡
♥❡❝❡ss✐t❛✳
P♦r ✐ss♦✱ sã♦ ✉t✐❧✐③❛❞♦s ❞❛❞♦s ❞♦ ♣❡rí♦❞♦ ❡♥tr❡ ✶✾✾✼ ❡ ✶✾✾✾ q✉❡ ❢♦r❛♠ ❝♦❧❡t❛❞♦s ♣♦r s❛té❧✐✲
t❡s ❝❧✐♠át✐❝♦s ♥❛ ❡❧❛❜♦r❛çã♦ ❞❡ ♠❛♣❛s ♣❡❧♦ ●❧♦❜❛❧ Pr❡❝✐♣✐t❛t✐♦♥ ❈❧✐♠❛t♦❧♦❣② Pr♦❥❡❝t ✭Pr♦❥❡t♦
❈❧✐♠❛t♦❧ó❣✐❝♦ ●❧♦❜❛❧ ❞❡ Pr❡❝✐♣✐t❛çõ❡s✮✱ ❞♦ ❈❧✐♠❛t❡ Pr❡❞✐❝t✐♦♥ ❈❡♥t❡r ✭❈P❈✮✱ ✐♥st✐t✉t♦ ❞♦s
❊st❛❞♦s ❯♥✐❞♦s ❞❛ ❆♠ér✐❝❛✳
❖s ♠❛♣❛s ✉t✐❧✐③❛❞♦s ♣❛r❛ ❛❝❤❛r ❛ ♣♦r❝❡♥t❛❣❡♠ ❞♦ t❡♠♣♦ q✉❡ ❛ ♣✐st❛ ❡stá ♠♦❧❤❛❞❛ sã♦ ♦s
q✉❡ ✐♥❞✐❝❛♠ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞♦ t❡♠♣♦ q✉❡ ♦❝♦rr❡✉ ♣r❡❝✐♣✐t❛çã♦ ❡♠ ✉♠ ♣♦♥t♦ ❞❛ ❣r❛❞❡ ❡♠ ❝❡rt♦
♠ês ✭❋✐❣✉r❛ ✷✶✮ ❡ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❛ ár❡❛ ❞❛ ❣r❛❞❡ q✉❡ ❤♦✉✈❡ ♣r❡❝✐♣✐t❛çã♦ ♥♦ ♠ês ✭❋✐❣✉r❛ ✷✷✮✳
❙❡❣✉♥❞♦ ❆❯●❯❙❚❖ ✭✷✵✵✼✮✱ ✧❝♦♥s✐❞❡r❛♥❞♦ ♦ ❛❡r♦♣♦rt♦ ❝♦♠♦ ✉♠ ♣♦♥t♦✱ ❥á q✉❡ s✉❛s ❞✐♠❡♥sõ❡s
sã♦ ❝♦♥s✐❞❡r❛❞❛s ✐♥s✐❣♥✐✜❝❛♥t❡s ♣❡rt♦ ❞❛s ❞✐♠❡♥sõ❡s ❞❡ ❝❛❞❛ ❣r❛❞❡✱ ❛ ♣r♦❜❛❜✐❧✐❞❛❞❡ ❞❡ ♦❝♦rr❡r
❝❤✉✈❛ ❡♠ ❞❡t❡r♠✐♥❛❞♦ ♠ês é ♦ ♣r♦❞✉t♦ ❡♥tr❡ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞♦ t❡♠♣♦ q✉❡ ♦❝♦rr❡✉ ♣r❡❝✐♣✐t❛çã♦
❡♠ q✉❛❧q✉❡r ♣♦♥t♦ ❞❛ ❣r❛❞❡ ❡ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞❛ ár❡❛ ❞❛ ❣r❛❞❡ ♦♥❞❡ ♦❝♦rr❡✉ ♣r❡❝✐♣✐t❛çã♦✳✧
❙♦♠❡♥t❡ ❡stã♦ ❞✐s♣♦♥í✈❡✐s ♦s ♠❛♣❛s ❞♦s ♠❡s❡s ❞❡ ❥❛♥❡✐r♦ ❡ ❥✉✲
❧❤♦ ♣❛r❛ ♦s ❞♦✐s ❝❛s♦s ❝✐t❛❞♦s ❛❝✐♠❛ ♥❛ ♣á❣✐♥❛ ♥❛ ✐♥t❡r♥❡t ❞♦ ❈P❈
✭❁❤tt♣✿✴✴✇✇✇✳❝♣❝✳♥♦❛❛✳❣♦✈✴♣r♦❞✉❝ts✴❣❧♦❜❛❧❴♣r❡❝✐♣✴❤t♠❧✴✇♣❛❣❡✳❣s♣❞❝✳s❤t♠❧❃✮✳
◆❡st❡ tr❛❜❛❧❤♦✱ ❢♦✐ ❝♦♥s✐❞❡r❛❞♦ ♦ ♠ês ❞❡ ❥✉❧❤♦✱ ✈✐st♦ q✉❡ é ♦ ♠ês ♠❛✐s ♣ró①✐♠♦ ❞❡ ❛❣♦st♦✱
♣❡rí♦❞♦ s❡❧❡❝✐♦♥❛❞♦ ♣❛r❛ ❛♥á❧✐s❡ ❞♦ ♠✐① ❞❡ ❛❡r♦♥❛✈❡s✳
❆ ❚❛❜❡❧❛ ✶✷ ♠♦str❛ ❛ ♣♦r❝❡♥t❛❣❡♠ ❞♦ t❡♠♣♦ q✉❡ ❛ ♣✐st❛ ❡stá ♠♦❧❤❛❞❛✿
❚❛❜❡❧❛ ✶✷✿ ❉❛❞♦s s♦❜r❡ ♦s ♠❛♣❛s ❞♦ ❈P❈✳
P♦r❝❡♥t❛❣❡♠ ❞❛ ár❡❛ q✉❡ ❡stá ❝❤♦✈❡♥❞♦✿ ✾✱✵✪
P♦r❝❡♥t❛❣❡♠ ❞♦ t❡♠♣♦ q✉❡ ❡stá ❝❤♦✈❡♥❞♦✿ ✹✵✱✵✪
P♦r❝❡♥t❛❣❡♠ ❞♦ t❡♠♣♦ q✉❡ ❛ ♣✐st❛ ❡stá ♠♦❧❤❛❞❛✿ ✸✱✻✪
❆♣❡s❛r ❞❡ ♣❛r❡❝❡r ✉♠❛ ♣♦r❝❡♥t❛❣❡♠ ❜❛✐①❛✱ ❡st❛ r❡♣r❡s❡♥t❛ ✉♠❛ ♠é❞✐❛ ❞❡ ✺✷ ♠✐♥✉t♦s ❞❡
❝❤✉✈❛ ♣♦r ❞✐❛ ❞✉r❛♥t❡ ♦ ♠ês ❞❡ ❥✉❧❤♦✳
❙♦❜r❡ ❛ t❡♠♣❡r❛t✉r❛ ❞❡ r❡❢❡rê♥❝✐❛ ❞♦ ❛❡r♦♣♦rt♦✱ ❡st❛ é ❞❡ ✷✾◦❈ ✭■♥❢r❛❡r♦✱ ✷✵✶✸✮✳
P❛r❛ ❛ s✐t✉❛çã♦ ❢✉t✉r❛ ❞♦ ❛❡r♦♣♦rt♦✱ ♦s ❞❛❞♦s ♠❡t❡♦r♦❧ó❣✐❝♦s ✉t✐❧✐③❛❞♦s sã♦ ♦s ♠❡s♠♦s✳
✸✺
❋✐❣✉r❛ ✷✶✿ ▼❛♣❛ ❞❛ ♣♦r❝❡♥t❛❣❡♠ ❞♦ t❡♠♣♦ q✉❡ ❝❤♦✈❡✉✳
❋♦♥t❡✿ ❁❤tt♣✿✴✴✇✇✇✳❝♣❝✳♥♦❛❛✳❣♦✈✴♣r♦❞✉❝ts✴❣❧♦❜❛❧❴♣r❡❝✐♣✴❤t♠❧✴✇♣❛❣❡✳❣s♣❞❝✳s❤t♠❧❃
❋✐❣✉r❛ ✷✷✿ ▼❛♣❛ ❞❛ ♣♦r❝❡♥t❛❣❡♠ ❞❛ ár❡❛ ♦♥❞❡ ❝❤♦✈❡✉✳
❋♦♥t❡✿ ❁❤tt♣✿✴✴✇✇✇✳❝♣❝✳♥♦❛❛✳❣♦✈✴♣r♦❞✉❝ts✴❣❧♦❜❛❧❴♣r❡❝✐♣✴❤t♠❧✴✇♣❛❣❡✳❣s♣❞❝✳s❤t♠❧❃
✸✻
✹✳✶✳✸ ▼✐① ❞❡ ❛❡r♦♥❛✈❡s
❆ ❜❛s❡ ❍❖❚❘❆◆✱ ❢♦r♥❡❝✐❞❛ ♣❡❧❛ ❆◆❆❈ ❛tr❛✈és ❞❡ ♣❛❣✐♥❛ ♥❛ ✐♥t❡r♥❡t
✭❁❤tt♣✿✴✴✇✇✇✷✳❛♥❛❝✳❣♦✈✳❜r✴❤♦tr❛♥✴❃✮✱ ❞❡t❛❧❤❛✱ ❡♠ ❢♦r♠❛ ❞❡ ✉♠❛ ♣❧❛♥✐❧❤❛ ❊❳❈❊▲ ❛t✉❛✲
❧✐③❛❞❛ ❞✐❛r✐❛♠❡♥t❡✱ ✈♦♦s r❡❣✉❧❛r❡s q✉❡ tr❛❢❡❣❛♠ ♣♦r ❛❡r♦♣♦rt♦s ❜r❛s✐❧❡✐r♦s ❝♦♠ ✐♥❢♦r♠❛çõ❡s
❞♦ ♥ú♠❡r♦ ❡ ❞❛t❛ ❞♦ ✈♦♦✱ ❛ s✐❣❧❛ ■❈❆❖ ❞♦ ❛❡r♦♣♦rt♦ ❞❡ ♦r✐❣❡♠ ❡ ♦ ❞❡ ❞❡st✐♥♦✱ ❛ ❛❡r♦♥❛✈❡
✉t✐❧✐③❛❞❛ ❡ s✉❛ r❡s♣❡❝t✐✈❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣❛ss❛❣❡✐r♦s✱ ❛❧é♠ ❞❡ ♠♦str❛r ❛ ❡♠♣r❡s❛ r❡s♣♦♥sá✈❡❧
♣❡❧♦ ✈♦♦✳
P❛r❛ ❡♥❝♦♥tr❛r ♦ ♠✐① ❞❡ ❛❡r♦♥❛✈❡s ❞♦ ❋▲◆✱ ❛ ❜❛s❡ ❍❖❚❘❆◆ ❞❛ s❡♠❛♥❛ ❞♦s ❞✐❛s ✷✹ ❛ ✸✶
❞❡ ❛❣♦st♦ ❢♦✐ ❛♥❛❧✐s❛❞❛ ❡ ❛s ❛❡r♦♥❛✈❡s q✉❡ ♦♣❡r❛r❛♠ ♥❡ss❡ ♣❡rí♦❞♦ ❢♦r❛♠✿
• ❉❛ ❡♠♣r❡s❛ ❇♦❡✐♥❣✿ ❇✼✷✷ ✭♦✉ ❇✼✷✼✲✷✵✵✮✱ ❛❡r♦♥❛✈❡ ❝❛r❣✉❡✐r❛✱ ❇✼✸✼ ✭✼✸✼✲✼✵✵✮✱ ❝♦♠ ❝❛✲
♣❛❝✐❞❛❞❡ ♣❛r❛ ✶✸✽ ♣❛ss❛❣❡✐r♦s ✭P❆❳✮ ❡ ❇✼✸✽ ✭✼✸✼✲✽✵✵✮✱ ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✶✼✼ P❆❳✳
• ❉❛ ❡♠♣r❡s❛ ❆✐r❜✉s✿ ❆✸✷✵✱ ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✶✼✹ P❆❳ ❡ ❆✸✶✾ ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✶✹✹
P❆❳✳
• ❉❛ ❡♠♣r❡s❛ ❊♠❜r❛❡r✿ ❊✶✾✵✱ ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✶✵✻ P❆❳ ❡ ❊✶✾✺ ❝♦♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✶✶✽
P❆❳✳
◆❡ss❡ ♣❡rí♦❞♦ ❞❡ ✉♠❛ s❡♠❛♥❛✱ ❢♦r❛♠ ❝♦♥st❛t❛❞♦s ✶✷ ✈♦♦s ✐♥t❡r♥❛❝✐♦♥❛✐s✱ t♦❞♦s ❝♦♠ ❞❡s✲
t✐♥♦✴♦r✐❣❡♠ ♥❛ ❆r❣❡♥t✐♥❛✱ ♥♦ ❆❡r♦♣♦rt♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❞❡ ❇✉❡♥♦s ❆✐r❡s✲❊③❡✐③❛ ✭■❆❚❆✿ ❊❩❊✱
■❈❆❖✿ ❙❆❊❩✮✳ ❖❝♦rr❡♠✱ ❛✐♥❞❛✱ ✈♦♦s s❛③♦♥❛✐s ❞♦ ❙❇❋▲ ♣❛r❛ ❆ss✉♥çã♦✱ ♥♦ P❛r❛❣✉❛✐✱ ❡ ♣❛r❛
❙❛♥t✐❛❣♦✱ ♥♦ ❈❤✐❧❡✳
◆❛ ❚❛❜❡❧❛ ✶✸✱ ❡stá ❧✐st❛❞❛ ❛ q✉❛♥t✐❞❛❞❡ r❡❣✐str❛❞❛ ❞❡ ✈♦♦s ❝♦♠ ❝❛❞❛ r❡s♣❡❝t✐✈❛ ❛❡r♦♥❛✈❡ ❡
❛ ♣♦r❝❡♥t❛❣❡♠ ❞❡st❛ ♥♦ ♠✐①✳
❚❛❜❡❧❛ ✶✸✿ ◗✉❛♥t✐❞❛❞❡ ❞❡ ♣♦✉s♦s ❡ ❞❡❝♦❧❛❣❡♥s ❞❡ ❝❛❞❛ ❛❡r♦♥❛✈❡ ❡♠ ✉♠❛ s❡♠❛♥❛✳
❆❡r♦♥❛✈❡ ◗✉❛♥t✐❞❛❞❡ ▼✐① ✭✪✮
❇✼✷✷ ✶✵ ✷
❇✼✸✼ ✶✼✶ ✷✾
❇✼✸✽ ✶✼ ✸
❆✸✷✵ ✷✶✶ ✸✻
❆✸✶✾ ✸✵ ✺
❊✶✾✵ ✶✷✽ ✷✷
❊✶✾✺ ✶✺ ✸
❚♦t❛❧ ✺✽✷ ✶✵✵
❋♦♥t❡✿ ❁❤tt♣✿✴✴✇✇✇✷✳❛♥❛❝✳❣♦✈✳❜r✴❤♦tr❛♥✴❃
✸✼

❆ ❆✸✶✾ t❡♠ ❝♦♠♦ s✉❜st✐t✉t❛ ❛ ❇✼✸✼✱ ♦ ▼❚❖❲ ❞❛ ❛❡r♦♥❛✈❡ ❞❛ ❆✐r❜✉s é ❞❡ ✶✻✻✳✵✵✵ ❧❜
✭❆✐r❜✉s ❙♦❝✐❡t❛s ❊✉r♦♣❡❛❡✱ ✷✵✶✼❛✮✱ ❡♥q✉❛♥t♦ ❛ ❞❛ ❇♦❡✐♥❣ t❡♠ ✶✺✹✳✺✵✵ ❧❜ ❞❡ ▼❚❖❲ ✭❇♦❡✐♥❣
❈♦♠♠❡r❝✐❛❧ ❆✐r♣❧❛♥❡s✱ ✷✵✶✸✮✳ ❆♣❡s❛r ❞❛ ❞✐❢❡r❡♥ç❛ ♠❛✐♦r ❡♠ r❡❧❛çã♦ ❛♦ ♣❡s♦ ❞♦ q✉❡ ♥♦ ❝❛s♦
❛❝✐♠❛✱ q✉❛♥❞♦ ❛♥❛❧✐s❛❞❛ ❛ q✉❛♥t✐❞❛❞❡ ❞❡ ♣♦❧tr♦♥❛s✱ ❛ ❆✸✶✾ ♣♦ss✉✐ s♦♠❡♥t❡ ✻ ❛ss❡♥t♦s ❛ ♠❛✐s
❞♦ q✉❡ ❛ ❇✼✸✼✱ ❝r✐tér✐♦ q✉❡ ❞❡t❡r♠✐♥♦✉ ❛ s✉❜st✐t✉✐çã♦✳
◆♦ ❝❛s♦ ❞♦s ❛✈✐õ❡s ❞❛ ❊♠❜r❛❡r✱ ❛♠❜❛s sã♦ s✉❜st✐t✉í❞❛s ♣❡❧❛ ❇✼✶✼ ✭❇✼✶✼✲✷✵✵✮✳ ❖ ❝r✐tér✐♦ ❞♦
♣❡s♦ ♠á①✐♠♦ ❞❡ ❞❡❝♦❧❛❣❡♠✱ ❛♣r❡s❡♥t♦✉ ❝♦♠♦ r❡s✉❧t❛❞♦✱ ✉♠ ▼❚❖❲ ❞❡ ✶✶✹✳✶✾✾ ❧❜ ♣❛r❛ ❛ ❊✶✾✵
✭❊♠❜r❛❡r ❙♦❝✐❡❞❛❞❡ ❆♥ô♥✐♠❛✱ ✷✵✶✺❛✮✱ ❞❡ ✶✶✺✳✷✽✵ ❧❜ ♣❛r❛ ❛ ❊✶✾✺ ✭❊♠❜r❛❡r ❙♦❝✐❡❞❛❞❡ ❆♥ô♥✐♠❛✱
✷✵✶✺❜✮ ❡ ❞❡ ✶✶✵✳✵✵✵ ❧❜ ♣❛r❛ ❛ ❇✼✶✼ ✭❇♦❡✐♥❣ ❈♦♠♠❡r❝✐❛❧ ❆✐r♣❧❛♥❡s✱ ✷✵✶✹✮✳ ❆ ❛❡r♦♥❛✈❡ ❞❛ ❇♦❡✐♥❣
t❡♠ ✉♠❛ ❝♦♥✜❣✉r❛çã♦ q✉❡ ❛❝♦♠♦❞❛ ❛té ✶✶✵ ♣❡ss♦❛s✱ ♦ q✉❡ ❛ ❞❡✐①❛ ❝♦♠ ✹ ❡ ✽ ♣❛ss❛❣❡✐r♦s ❞❡
❞✐❢❡r❡♥ç❛ ♣❛r❛ ❛ ❊✶✾✵ ❡ ❊✶✾✺✱ r❡s♣❡❝t✐✈❛♠❡♥t❡✳
❉❡st❛ ❢♦r♠❛✱ ♦ ♠✐① ❞❡ ❛❡r♦♥❛✈❡s ❛ s❡r ✐♥s❡r✐❞♦ ♥♦ s♦❢t✇❛r❡ ❘❊❉■▼ é ❛♣r❡s❡♥t❛❞♦ ♥❛ ❚❛❜❡❧❛
✶✹✳
❚❛❜❡❧❛ ✶✹✿ ▼✐① ❞❡ ❛❡r♦♥❛✈❡s r❡❢♦r♠✉❧❛❞♦ ♣❛r❛ ✐♥s❡rçã♦ ♥♦ s♦❢t✇❛r❡ ❘❊❉■▼✳
❆❡r♦♥❛✈❡ ◗✉❛♥t✐❞❛❞❡ ▼✐① ✭✪✮
❇✼✷✷ ✶✵ ✷
❇✼✸✼ ✷✵✶ ✸✺
❇✼✶✼ ✶✹✸ ✷✺
❆✸✷✵ ✷✷✽ ✸✾
❚♦t❛❧ ✺✽✷ ✶✵✵
✸✾





✺✳✷ ❈á❧❝✉❧♦ ❞♦ t❡♠♣♦ ❞❡ ❞❡❝♦❧❛❣❡♠
◆♦t❛✲s❡✱ ❞❡ ❛❝♦r❞♦ ❝♦♠ ♦ ♠✐① ❞❡ ❛❡r♦♥❛✈❡s r❡❢♦r♠✉❧❛❞♦ ❞❛ ❚❛❜❡❧❛ ✶✹ ❡ ❛ ❝❧❛ss✐✜❝❛çã♦ ❡①♣♦st❛
♥❛ ♣á❣✐♥❛ ✶✹✱ q✉❡ ❛s ❛❡r♦♥❛✈❡s q✉❡ ♣♦✉s❛♠ ❡ ❞❡❝♦❧❛♠ ♥♦ ❋▲◆ sã♦ ❞❡✜♥✐❞❛s ❝♦♠♦ ❣r❛♥❞❡s✱ ❥á
q✉❡ tê♠ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ✶✵✵ ❛ ✷✵✵ P❆❳✱ ❧♦❣♦✱ ❝♦♠ ✉s♦ ❞❛ ❊q✉❛çã♦ ✹✿
T dec.m = T dec.G ·MG
T dec.m = 75s · 100%
T dec.m = 75s
P♦rt❛♥t♦✱ ♦ t❡♠♣♦ ❞❡ ❞❡❝♦❧❛❣❡♠ ♠é❞✐♦ é ❞❡ ✼✺ s❡❣✉♥❞♦s✱ ♣♦ré♠✱ ❡st❡ ✈❛❧♦r é s♦♠❡♥t❡
❞❡✜♥✐❞♦ ♣❛r❛ ✉♠❛ ❛❡r♦♥❛✈❡ q✉❡ ❞❡❝♦❧❡ ❞❛ ❝❛❜❡❝❡✐r❛ ✶✹✳
❊♠ ✉♠❛ ❞❡❝♦❧❛❣❡♠ ❛ ♣❛rt✐r ❞❛ ❝❛❜❡❝❡✐r❛ ✸✷✱ ❛ ❛❡r♦♥❛✈❡ ❡♥tr❛ ♥❛ ♣✐st❛ ❛ ♣❛rt✐r ❞❛ ú♥✐❝❛
s❛í❞❛ ❧♦❝❛❧✐③❛❞❛ ♣ró①✐♠❛ ❛ ❝❛❜❡❝❡✐r❛ ✶✹✱ ♣♦r ✐ss♦ ❞❡✈❡ ♣❡r❝♦rr❡r q✉❛s❡ t♦❞❛ ❛ ❡①t❡♥sã♦ ❞❛ ♣✐st❛
❛té ♣♦❞❡r ❢❛③❡r ✉♠ ❣✐r♦ ❞❡ ✶✽✵ ❣r❛✉s q✉❡ ♣❡r♠✐t❛ ❛ ♦♣❡r❛çã♦ ❞❡ ❞❡❝♦❧❛❣❡♠✳ ❊st❡ t❡♠♣♦ ♥ã♦
❡stá ✐♥❝❧✉s♦ ♥❛ ❚❛❜❡❧❛ ✷ q✉❡ é ✉t✐❧✐③❛❞❛ ♥❛ ❊q✉❛çã♦ ✹✳
P❛r❛ ✉♠ ✈❛❧♦r ♠❛✐s ♣ró①✐♠♦ ❛♦ q✉❡ ❛❝♦♥t❡❝❡ ♥❛ r❡❛❧✐❞❛❞❡✱ ✉♠❛ ✈✐s✐t❛ ❞❡ ❝❛♠♣♦ ❢♦✐ r❡❛❧✐③❛❞❛
❡♠ ✸ ❞❡ ❞❡③❡♠❜r♦ ❞❡ ✷✵✶✼ ❡ ♥❡st❛ ❢♦✐ ❡♥❝♦♥tr❛❞♦ ✉♠❛ ♠é❞✐❛ ❞❡ ✸ ♠✐♥✉t♦s ❡ ✶✵ s❡❣✉♥❞♦s ❞❡
✉♠❛ ❛♠♦str❛❣❡♠ ❞❡ ✽ ♦♣❡r❛çõ❡s ♣❛r❛ ♦ t❡♠♣♦ q✉❡ ✉♠❛ ❛❡r♦♥❛✈❡ ❞❡♠♦r❛ ❡♠ ✉♠❛ ❞❡❝♦❧❛❣❡♠
❛ ♣❛rt✐r ❞❛ ❝❛❜❡❝❡✐r❛ ✸✷✳
▲♦❣♦✱ é r❡❛❧✐③❛❞❛ ❛ ♠é❞✐❛ ❡♥tr❡ ♦s ✈❛❧♦r❡s ❞❡ t❡♠♣♦ ❞❡ ❞❡❝♦❧❛❣❡♠ ❛ ♣❛rt✐r ❞❛s ❞✉❛s ❝❛❜❡❝❡✐✲
r❛s✱ ❝♦♠ ❛ ❝♦♥s✐❞❡r❛çã♦ ❞❡ q✉❡ ❛s ❞❡❝♦❧❛❣❡♥s ♦❝♦rr❡♠ ♥❛ ♠❡s♠❛ ♣r♦♣♦rçã♦ ❞❡ ✺✵✪ ♣❛r❛ ❝❛❞❛
❝❛❜❡❝❡✐r❛✳ ❊♠ ✉♠❛ ❛♥á❧✐s❡ ♠❛✐s ❛♣r♦❢✉♥❞❛❞❛✱ ❞❡✈❡r✐❛ s❡r ❝♦♥s✐❞❡r❛❞❛ ❛ ♣r♦♣♦rçã♦ q✉❡ ♠❛✐s
s❡ ❛♣r♦①✐♠❛ ❞❛ r❡❛❧✐❞❛❞❡ ❞♦ ❛❡r♦♣♦rt♦✱ ✈✐st♦ q✉❡ ❛ ❞❡❝♦❧❛❣❡♠ ❡♠ ✉♠❛ ❝❛❜❡❝❡✐r❛ ❞❡♣❡♥❞❡ ❞❛
❞✐r❡çã♦ ❞♦ ✈❡♥t♦ ♥♦ ♠♦♠❡♥t♦ ❞❛ ♦♣❡r❛çã♦✳
P❛r❛ ❛ s✐t✉❛çã♦ ❛t✉❛❧✿
T dec = (T dec.14 + T dec.32)/2
T dec = (75s+ 190s)/2
T dec = 132, 5s
P❛r❛ ❛ s✐t✉❛çã♦ ❢✉t✉r❛✱ ♦ t❡♠♣♦ ❞❡ ❞❡❝♦❧❛❣❡♠ é ❞❡ ✼✺ s❡❣✉♥❞♦s✳
✺✳✸ ❈á❧❝✉❧♦ ❞♦ t❡♠♣♦ ❞❡ s❡♣❛r❛çã♦ ❡♥tr❡ ❛❡r♦♥❛✈❡s
❈♦♠ ♦ ♠ét♦❞♦ ❚❤❡ ❊rr♦r✲❋r❡❡ ❈❛s❡✱ é ❡♥❝♦♥tr❛❞♦ ✉♠ t❡♠♣♦ ❞❡ s❡♣❛r❛çã♦ ♠é❞✐♦ ♣❛r❛ t♦❞❛s
❛s ♦♣❡r❛çõ❡s✳ ◆♦ ❝❛s♦ ❞♦ ❋▲◆✱ ❝♦♠♦ s♦♠❡♥t❡ ❤á ♣r❡s❡♥ç❛ ❞❡ ❛❡r♦♥❛✈❡s ❣r❛♥❞❡s✱ ❡♠ r❡❧❛çã♦ ❛
❝❛♣❛❝✐❞❛❞❡ ❞❡ ♣❛ss❛❣❡✐r♦s✱ ❛ ♠❛tr✐③ ❞❡ ✐♥t❡r✈❛❧♦s ♠í♥✐♠♦s ❞❡ t❡♠♣♦ ❡♥tr❡ ♦♣❡r❛çõ❡s ♣♦❞❡ s❡r
r❡♣r❡s❡♥t❛❞❛ ❛tr❛✈és ❞❛ ❚❛❜❡❧❛ ✶✺✳
✹✺
❚❛❜❡❧❛ ✶✺✿ ▼❛tr✐③ ❞❛s ❞✐stâ♥❝✐❛s ♠í♥✐♠❛s ❞❡ s❡♣❛r❛çã♦ ♣❛r❛ ❛❡r♦♥❛✈❡s ❣r❛♥❞❡s✱ ❡♠ s❡❣✉♥❞♦s✳
●✳ ❉❡❝✳
❛trás
●✳ P♦✉s✳
❛trás
●✳ ❉❡❝✳
à ❢r❡♥t❡
✶✻✹ ✶✻✹
●✳ P♦✉s✳
à ❢r❡♥t❡
✵ ✶✷✾
❆ ♠❛tr✐③ ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ✭[pij]✮ ❞❡ ♦❝♦rr❡r ✉♠❛ ❝❡rt❛ ♦♣❡r❛çã♦ ♥❛ ♣✐st❛ é ❝r✐❛❞❛ ❛ ♣❛rt✐r
❞♦ ♠✐① ❞❡ ❛❡r♦♥❛✈❡s ❞♦ ❋▲◆✱ ❝♦♠♣♦st♦ s♦♠❡♥t❡ ♣♦r ❛✈✐õ❡s ❣r❛♥❞❡s✱ ♦✉ s❡❥❛✱ ● ❂ ✶✵✵✪✳
❈♦♠ ❛♥á❧✐s❡ ❞❛ ❜❛s❡ ❍❖❚❘❆◆ q✉❡ ♠♦str❛ q✉❡ ❤♦✉✈❡ ✷✾✶ ♦♣❡r❛çõ❡s ❞❡ ♣♦✉s♦ ❡ ✷✾✶ ❞❡
❞❡❝♦❧❛❣❡♠ ♥♦ ♣❡rí♦❞♦ ❞❛ s❡♠❛♥❛ ❞♦ ❞✐❛ ✷✹ ❛ ✸✶ ❞❡ ❛❣♦st♦✱ é ❝♦♥s✐❞❡r❛❞♦ q✉❡ ❛s ♠♦✈✐♠❡♥t❛çõ❡s
❞♦ ❋▲◆ sã♦ ✺✵✪ ♦♣❡r❛çõ❡s ❡ ♦s ♦✉tr♦s ✺✵✪ ❞❡ ❞❡❝♦❧❛❣❡♥s✳
❊♥tã♦✱ ❛ ❝❤❛♥❝❡ ❞❡ ♦❝♦rr❡r ✉♠❛ ❞❡❝♦❧❛❣❡♠ ❞❡ ✉♠❛ ❛❡r♦♥❛✈❡ ❣r❛♥❞❡ ♥❛ ♣✐st❛ ✶✹✴✸✷ é ❞❡
✺✵✪✳ ▲♦❣♦✱ ♦ ♣❡♥s❛♠❡♥t♦ ♣♦❞❡ s❡r ❡st❡♥❞✐❞♦ ❝♦♠ ❛ ❝❤❛♥❝❡ ❞❡ ❛❝♦♥t❡❝❡r ✉♠ ♣♦✉s♦ ❞❡ ✉♠❛
❛❡r♦♥❛✈❡ ❣r❛♥❞❡ ❛♣ós ♦✉tr❛ ❞❡ ♠❡s♠♦ t❛♠❛♥❤♦ ❞❡❝♦❧❛r✿ ✺✵✪ × ✺✵✪✱ ♦ q✉❡ r❡s✉❧t❛ ❡♠ ✷✺✪✳
❈♦♠ ❡st❡ r❛❝✐♦❝í♥✐♦✱ é ❝♦♥str✉í❞❛ ❛ ♠❛tr✐③ ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ✭[pij]✮✱ ❛♣r❡s❡♥t❛❞❛ ♥❛ ❚❛❜❡❧❛
✶✻✳
❚❛❜❡❧❛ ✶✻✿ ▼❛tr✐③ ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ✭[pij]✮✳
●✳ ❉❡❝✳
❛trás
●✳ P♦✉s✳
❛trás
●✳ ❉❡❝✳
à ❢r❡♥t❡
✷✺✪ ✷✺✪
●✳ P♦✉s✳
à ❢r❡♥t❡
✷✺✪ ✷✺✪
❖ r❡s✉❧t❛❞♦ ❞❛ ♠✉❧t✐♣❧✐❝❛çã♦ ❡♥tr❡ ✉♠ ❡❧❡♠❡♥t♦ ❞❛ ♠❛tr✐③ ❞❛s ♣r♦❜❛❜✐❧✐❞❛❞❡s ❡ s❡✉ r❡s♣❡❝✲
t✐✈♦ ❡❧❡♠❡♥t♦ ❞❛ ♠❛tr✐③ ❞❡ s❡♣❛r❛çõ❡s ♠í♥✐♠❛s ❞❛s ❛❡r♦♥❛✈❡s é ♠♦str❛❞♦ ♥❛ ❚❛❜❡❧❛ ✶✼✳
❆ ♠é❞✐❛ ❞♦s ❡❧❡♠❡♥t♦s ❞❛ ❚❛❜❡❧❛ ✶✼ r❡s✉❧t❛ ♥♦ t❡♠♣♦ ❞❡ s❡♣❛r❛çã♦ ✭T sep.✮ ❡♥tr❡ ❛❡r♦♥❛✈❡s
❞❡ ✷✽✱✹✾ s❡❣✉♥❞♦s✳
T sep. ❂ ✭✹✵✱ ✾✶ ✰ ✹✵✱✾✶ ✰ ✸✷✱✶✹ ✰ ✵✮✴✹ ❂ ✷✽✱✹✾ s❡❣✉♥❞♦s✳
✹✻
❚❛❜❡❧❛ ✶✼✿ ■♥t❡r✈❛❧♦ ❞❡ t❡♠♣♦ ❞❡ ❝❛❞❛ ♦♣❡r❛çã♦ ♣r♦❜❛❧✐st✐❝❛♠❡♥t❡✱ ❡♠ s❡❣✉♥❞♦s✳
●✳ ❉❡❝✳
❛trás
●✳ P♦✉s✳
❛trás
●✳ ❉❡❝✳
à ❢r❡♥t❡
✹✵✱✾✶ ✹✵✱✾✶
●✳ P♦✉s✳
à ❢r❡♥t❡
✵ ✸✷✱✶✹
✺✳✹ ❈á❧❝✉❧♦ ❞❛s ❝❛♣❛❝✐❞❛❞❡s t❡ór✐❝❛s ♠á①✐♠❛s ❤♦rár✐❛s
P❛r❛ ❛ ❡❢❡t✉❛çã♦ ❞♦ ❝á❧❝✉❧♦ ❞❛ ❝❛♣❛❝✐❞❛❞❡ t❡ór✐❝❛ ♠á①✐♠❛ ❤♦rár✐❛ é ✉t✐❧✐③❛❞❛✱ ❡♥tã♦✱ ❛ ❊q✉❛çã♦
✻✳
❆ss✐♠✱ ♣❛r❛ ❛ s✐t✉❛çã♦ ❛t✉❛❧✿
Nmov. = 3600/(((T dec. +ROT atual)/2) + T sep.)
ROT atual = (ROT atual1 +ROT atual2)/2
ROT atual = (59, 03 + 220, 00)/2
ROT atual = 139, 52s
Nmov. = 3600/(((132, 50 + 139, 52)/2) + 28, 49)
N♦mov. = 21, 88
❆ ❝❛♣❛❝✐❞❛❞❡ t❡ór✐❝❛ ♠á①✐♠❛ ❞❛ s✐t✉❛çã♦ ❛t✉❛❧ é ❞❡ ✷✶ ♠♦✈✐♠❡♥t♦s ♣♦r ❤♦r❛✳
P❛r❛ ❛ s✐t✉❛çã♦ ❢✉t✉r❛✿
Nmov. = 3600/(((T dec. +ROT futuro)/2) + T sep.)
ROT futuro = (ROT futuro1 +ROT futuro2)/2
ROT futuro = (52, 42 + 48, 18)/2
ROT futuro = 50, 30s
N♦mov. = 3600/(((75, 00 + 50, 30)/2) + 28, 49)
Nmov. = 39, 50
❆ ❝❛♣❛❝✐❞❛❞❡ t❡ór✐❝❛ ♠á①✐♠❛ ❞❛ s✐t✉❛çã♦ ❢✉t✉r❛ é ❞❡ ✸✾ ♠♦✈✐♠❡♥t♦s ♣♦r ❤♦r❛✳
✹✼
✻ ❈♦♥❝❧✉sõ❡s
❊st❡ tr❛❜❛❧❤♦ t❡✈❡ ♦ ♦❜❥❡t✐✈♦ ❞❡ q✉❛♥t✐✜❝❛r ♦ ✐♥❝r❡♠❡♥t♦ ♥❛ ❝❛♣❛❝✐❞❛❞❡ ❞❡ ♦♣❡r❛çã♦ ❞❡ ❛❡r♦✲
♥❛✈❡s ❝♦♠ ♦ ✉s♦ ❞❡ ♣r♦❣r❛♠❛s ❞❡ ❝♦♠♣✉t❛❞♦r ❣r❛t✉✐t♦s✱ ✈✐st♦ q✉❡ ♦ ❘❊❉■▼ ❡r❛ ♦ ❢♦❝♦ ♠❛✐♦r
❞❡st❡s✳
◆❛ r❡❛❧✐③❛çã♦ ❞❡st❡ tr❛❜❛❧❤♦✱ ❛ t❛r❡❢❛ ❞❡ ♠♦❞❡❧❛r ❝❛❞❛ s✐t✉❛çã♦ ♥♦ s♦❢t✇❛r❡ ❘❊❉■▼ ❢♦✐
❛ ♠❛✐s ❝♦♠♣❧✐❝❛❞❛✳ P♦r s❡r ❞❡ ✶✾✾✼✱ ❡st❡ é ✉t✐❧✐③❛❞♦ s♦♠❡♥t❡ ❝♦♠ ♦ t❡❝❧❛❞♦ ❡ ♥ã♦ ❣✉❛r❞❛
✐♥❢♦r♠❛çõ❡s ❞❡♣♦✐s ❞❡❧❡ s❡r ❢❡❝❤❛❞♦✱ ❛❧é♠ ❞✐ss♦✱ ♦ ♠❡s♠♦ ♥ã♦ ✐♥❢♦r♠❛ ♦ ❡rr♦ ❝❛s♦ ❛ ❛♥á❧✐s❡ ❞ê
❡rr❛❞❛✱ ♦ q✉❡ ❛❥✉❞❛r✐❛ ♥❛ ♠♦❞❡❧❛❣❡♠ ❞♦s ❝❡♥ár✐♦s✳
❆ ♥❡❝❡ss✐❞❛❞❡ ❞♦ ❆❡r♦♣♦rt♦ ■♥t❡r♥❛❝✐♦♥❛❧ ❍❡r❝í❧✐♦ ▲✉③✱ q✉❡ s❡rá ❝♦♥❤❡❝✐❞♦ ❛❣♦r❛ ❝♦♠♦
❋❧♦r✐♣❛ ❆✐r♣♦rt✱ ❞❡ t❡r s✉❛ ❝❛♣❛❝✐❞❛❞❡ ❛✉♠❡♥t❛❞❛ é ❞❡ ❝♦♥❤❡❝✐♠❡♥t♦ ❞❛ ♣♦♣✉❧❛çã♦ ❞❡ ❋❧♦r✐❛✲
♥ó♣♦❧✐s✳ ❆ s✐t✉❛çã♦ ✈✐st❛ ♥♦ ❞✐❛ ❞❡ ✈✐s✐t❛ ❛♦ ❝❛♠♣♦✱ ❡♠ q✉❡ ♣❡ss♦❛s ♣r❡❝✐s❛♠ ❞❡✐t❛r ♦✉ s❡♥t❛r
♥♦ ❝❤ã♦✱ ♥ã♦ ❛❝♦♥t❡❝❡ ✈❡③ ♦✉ ♦✉tr❛✱ ♠❛s r❡❣✉❧❛r♠❡♥t❡✳
❊♠ ❛♥á❧✐s❡ ❞♦s r❡s✉❧t❛❞♦s✱ ♦❜❥❡t✐✈♦ ♣r✐♥❝✐♣❛❧ ❞❡st❡ tr❛❜❛❧❤♦✱ é ♣♦ssí✈❡❧ ♥♦t❛r q✉❡ ❛ ❛❞✐çã♦
❞❛ ♣✐st❛ ❞❡ tá①✐ ♣❛r❛❧❡❧❛ ♥♦ s✐st❡♠❛ ❞❡ ♣✐st❛s ❞♦ ❛❡r♦♣♦rt♦ ❞❡ ❋❧♦r✐❛♥ó♣♦❧✐s ♠❡❧❤♦r❛ ♦ ♥ú♠❡r♦
❞❡ ♠♦✈✐♠❡♥t❛çõ❡s ✭♣♦✉s♦s ❡ ❞❡❝♦❧❛❣❡♥s✮ ♣♦ssí✈❡✐s ♣♦r ❤♦r❛✳ ❖ t❡♠♣♦ ❞❡ ♦❝✉♣❛çã♦ ❞❡ ♣✐st❛s
♣❡❧❛s ❛❡r♦♥❛✈❡s é ✻✹✱✵✪ ♠❡♥♦r ♥❛ s✐t✉❛çã♦ ❢✉t✉r❛ ❞♦ q✉❡ ♥❛ ❛t✉❛❧✳
❊♠ ❝♦♠♣❛r❛çã♦ ❡♥tr❡ ❛ ❝❛♣❛❝✐❞❛❞❡ ❝❛❧❝✉❧❛❞❛ ♣❛r❛ s✐t✉❛çã♦ ❛t✉❛❧✱ ❞❡ ✷✶ ♠♦✈✐♠❡♥t♦s ♣♦r
❤♦r❛✱ ❡ ❝♦♠ ❛ ❢✉t✉r❛✱ ❞❡ ✸✾ ♦♣❡r❛çõ❡s✱ ❤á ✉♠ ❛❝rés❝✐♠♦ ❞❡ ✽✺✱✼✪✱ ❞❡✈✐❞♦ ❛ ♥♦✈❛ ❝♦♥✜❣✉r❛çã♦
❞♦ s✐st❡♠❛ ❞❡ ♣✐st❛s✳ ➱ ✐♠♣♦rt❛♥t❡ ❞❡st❛❝❛r✱ ♣♦ré♠✱ q✉❡ ♣r❡♠✐ss❛s ❢♦r❛♠ ❢❡✐t❛s ❞✉r❛♥t❡ ♦s
❝á❧❝✉❧♦s✱ ♣♦rt❛♥t♦ ❡st❛s ♣♦❞❡♠ ❣❡r❛r ✐♠♣r❡❝✐sõ❡s ♥♦s r❡s✉❧t❛❞♦s ✜♥❛✐s✳
❋♦✐ ♦❜s❡r✈❛❞♦✱ ❛tr❛✈és ❞❡ ❛♥á❧✐s❡ ❞❛ ❜❛s❡ ❍❖❚❘❆◆✱ q✉❡✱ ❛t✉❛❧♠❡♥t❡✱ ❛ ❤♦r❛ ❞❡ ♣✐❝♦ ❞♦ ❋▲◆
é ❡♥tr❡ às ✾✿✵✵ ❡ ✶✵✿✵✵✱ ♦♥❞❡ ❤á ✉♠❛ ♠é❞✐❛ ❞❡ ✶✵ ♦♣❡r❛çõ❡s ✭✺ ❞❡ ♣♦✉s♦ ❡ ✺ ❞❡ ❞❡❝♦❧❛❣❡♠✮✱
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